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 ABSTRACT 
Some metals and metalloids make significant contributions to the harmful effects of tobacco 
consumption although understanding the mechanisms involved in toxicity is hampered by the 
lack of information on their chemical and valence species, both in tobacco and in smoke. 
This research addresses the speciation of the metals and metalloids most frequently 
implicated, particularly those elements that exist in nature in multiple valence states, namely 
arsenic (As) and chromium (Cr), there being considerable differences in toxicity with 
oxidation state. 
A strategy was devised to overcome some of the problems that have thwarted earlier 
attempts at speciation. Firstly tobacco plants were cultivated under controlled conditions in 
compost burdened with high levels of metals and metalloids resulting in leaf with up to 250 
µg g-1 As, although Cr uptake was less successful. Secondly valence speciation even at the 
exceptionally low concentrations of As and Cr in smoke from unburdened tobacco was 
achieved with XANES analysis using the exceptionally bright Diamond synchrotron source. 
This revealed that combustion of tobacco has a marked effect on valence speciation with 
As(III), the reduced form of As, dominating (and persisting) in condensate of tobacco smoke 
while ash is dominated by the oxidised form, As(V). Chromium also appears to be present in 
smoke mainly as reduced Cr(III) species. HPLC-ICPMS analysis of arsenic indicates the 
dominance of inorganic over organic species (~4:1). Other metals were investigated in less 
detail. 
These findings establish that arsenic is present in smoke in its most toxic form and 
represents a significant risk to health. Conversely smokers appear to be exposed to the less 
harmful species of chromium.  These results support a recent WHO report that includes As 
but not Cr in a list of four metals and metalloids recommended for regulation in crops and 
commercial products in the interests of public health. 
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1  Background and Context 
Metals in Tobacco Smoke   2 
 
 
1.1 Metals in tobacco and smoke 
 
Among several thousand chemical compounds documented in tobacco smoke 98 have 
associated risk values, and 11 of these are metals or metalloids [1]. The World Health 
Organisation (WHO) expert panel on tobacco regulation (TobReg) recently reviewed the 
published literature on metals and metalloids in tobacco and smoke, concluding that arsenic 
(As), cadmium (Cd), nickel (Ni) and lead (Pb) are of sufficient concern that they should be 
subject to regulation [2]. The US Food and Drug Administration has a longer list of “Harmful 
and Potentially Harmful Constituents in Tobacco Products and Tobacco Smoke” including 
beryllium (Be), chromium (Cr), cobalt (Co), mercury (Hg) and selenium (Se) [3]. The WHO 
panel recommended that “manufacturers … test cured tobacco purchased from each new 
agricultural source for levels of arsenic, cadmium, lead and nickel” and that these metals 
should also be analysed in tobacco blends offered for sale.  
 
1.2 Importance of speciation to health 
 
The concept of metal speciation (the term metal is used loosely to include metalloids) has 
been widely developed in the environmental sciences because of its importance in 
identifying hazards, their impacts on health and on remediation of contaminated ground. 
 
The International Union of Pure and Applied Chemistry (IUPAC) defines speciation as the 
process yielding evidence of atomic or molecular form of an analyte [4]. This includes the 
specific form of an element defined in terms of its electronic or oxidation state, complex or 
molecular structure and isotopic composition [5].  
 
The potential hazard of a metal (mobility, reactivity, toxicity) varies with speciation and may 
change with time and environmental conditions [6]. This is important in smoking as 
combustion can have a large effect on speciation, but so also may other factors such as 
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time.  While a large body of data exists on metal concentrations in tobacco and smoke (as 
summarised in the literature review, section 2) only three detailed papers have been 
published on speciation of potentially toxic metals in smoke. These three papers involve the 
same authors and concern the form of arsenic and to a lesser extent cadmium in smoke [7-
9]. In this report we focus on chemical species (i.e. compounds) and valence species (i.e. 
oxidation state) with the aim of developing a model to describe species changes in a single 
element along its pathway from tobacco cultivation to respirable smoke. The element arsenic 
was chosen for particular focus as it is highly toxic, is known to be present in mainstream 
tobacco smoke, and exists in multiple molecular forms and valence states. The methodology 
developed to model the behaviour of arsenic is applicable to other elements, sometimes with 
adaptations, and should be applied to those elements in tobacco smoke that may be present 
in toxic concentrations in order to gain a fuller understanding of the potential hazard. 
 
1.3 Speciation and regulation 
 
Proposals to introduce new regulations are routinely challenged by the tobacco industry and 
it is important that regulators are informed by scientific research on the risks posed to 
smokers by heavy metals in smoke. Presently the research literature (reviewed in section 2) 
comprises numerous reports on the concentrations of heavy metals in tobacco and a few 
studies of heavy metals in cigarette smoke but very little attention has been paid to 
speciation. Such shortcomings are potentially exploitable by those opposing regulation 
because speciation influences bioavailability, reactivity with cellular materials and 
detoxification mechanisms, thus strongly influencing toxicity. Reactions within the growing 
plant and subsequent curing may modify metal species while the extreme redox conditions 
of combustion can lead to major changes in speciation. Such factors may markedly alter the 
risk of toxicity associated with a given heavy metal, depending on the way that tobacco is 
consumed. Risk assessment also requires quantitative models of toxicological response to 
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these heavy metal species and these are rarely available for the relatively low 
concentrations to which tobacco users are typically exposed.  
 
The study of arsenic as the exemplar presented in this Report underlines that even at low 
concentrations some metals may be present in smoke in their most toxic possible forms. The 
results strongly support the inclusion of arsenic among the four metals recommended for 
regulation by TobReg [2]. Speciation studies of the other metals identified for regulation 
(cadmium, nickel and lead) could similarly strengthen each case for inclusion (or possibly 
weaken it), and the case for other metals such as chromium, not currently included on 
TobReg’s list, should also be investigated. 
 
1.4 Structure of the Report 
 
The literature of metals and tobacco is reviewed in Section 2. After presenting the 
background much of the literature is condensed into tables that highlight the important 
features and enable comparison between metals. 
 
Chemical speciation of arsenic in tobacco is the subject of Section 3. The focus of the 
research was to quantify the inorganic and major organic species in 14 tobacco samples. On 
the basis of these analyses a predictive model was developed for the relative quantities of 
toxic and less toxic species in tobacco. 
 
Section 4 addresses valence speciation of arsenic in both tobacco leaf and smoked products 
using synchrotron techniques. The results demonstrate the importance of combustion in 
determining the relationship between trivalent and pentavalent arsenic in smoke 
condensate, and underlines possible differences in arsenic toxicity between oral and 
smoking products. 
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Section 5 concerns Eh-pH (Pourbaix) modelling of equilibrium species for model solutions 
under oxidation potential and pH conditions measured in smoke at ambient temperature. 
Predictions are compared with the speciation results obtained in sections 3 and 4 and the 
results are consistent. Building on the successful modelling of arsenic, cadmium and 
chromium models for other metals are developed. 
 
Section 6 summarises the findings and considers them in terms of health and proposals to 
regulate the concentrations of particular metals in tobacco crops and in commercial tobacco 
products. Areas where further research is required are identified.   
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2  Literature Review 
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2.1 Introduction 
 
The literature on metal speciation in tobacco is sparse compared with the total literature on 
tobacco and tobacco smoke constituents. Here the available literature relevant to the 
concentration of metals in tobacco and their potential transference to tobacco smoke is 
reviewed. The health implications of metals inhaled in tobacco smoke are also considered.  
 
The anthropological significance of tobacco is explored leading via the definition of toxic 
heavy metals with relevant examples to consideration of how metals in the environment may 
be sequestered by plants which, in various ways, may be consumed by humans and result in 
the transference of metals. The concept of speciation is then defined and explored with 
reference to key elements of known human toxicity. This is followed by a section detailing 
the translocation and transference of some of these elements through the various stages 
from harvesting to smoking, with some details on the effects in the receptor. 
 
This review primarily concerns tobacco in cigarette form as this is the form of consumption of 
greatest relevance to health, but some research may have relevance for alternatives such as 
chewing tobacco, snus and other potential reduced exposure products (PREPs) that use 
tobacco as their source of nicotine, although they are not considered in the same detail.  
 
2.2 Tobacco (Nicotiana tabacum L.) 
 
2.2.1 Botanical characteristics of the tobacco plant 
 
Domain: Eukarya  
 Kingdom: Plantae  
  Phylum: Magnoliophyta  
   Class: Magnoliopsida 
    Order: Solanales 
     Family: Solanaceae  
      Genus: Nicotiana 
       Species: Nicotiana tabacum 
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Tobacco (Nicotiana tabacum) was first described by Carl Linnaeus in c. 1560 [10]. The 
genus Nicotiana is considered to have evolved 75-100 million years ago (mya), and the 
species, N. tabacum, 6 mya [11]. Humans are thought to have been aware of the plant, 
and a closely related species N. rustica, 18 thousand years ago (kya), and were 
cultivating both species between 5-3 kya [12]. From details in historical records, 
inferences derived from observations of physical characteristics (such as day-neutral 
photoperiodism and the transient photo-dormancy of freshly harvest seed), and genetics, 
tobacco is presumed to have originated from forest margins at mid to low altitude in the 
Peruvian/Ecuadorian Andes of Central and South America [12-14]. 
 
The species travels well, with a seed viability of 25 years under air-tight conditions, and 
dimensions so miniscule that tobacco seeds can number 10-13k g-1 [14]; attractive 
attributes for agriculture. In fact, with a mature, individual plant typically producing 12-15 g 
of seed, and typically five times the number required sown to produce enough viable 
seedling transplants, an area of 0.25 km2 of mature plants could be grown from the seeds 
of a single plant [14].  
 
The classification of tobacco flower is ‘perfect’ (containing both androecium and 
gynoecium), and pollen is not anemophilous, so usually a self-pollination to cross-
pollination ratio of 20:1 occurs, though inbreeding depression is uncommon and heterosis 
is limited even where hybrids are produced from inbred lines [13]. General descriptive 
botanical characteristics of the species will not be explored further in this review. 
 
Within the species N. tabacum, many varieties (as well as ‘lines’ and crossbred lines) are 
grown for specific qualities. These can include morphological properties, alkaloid content, 
disease resistance and so forth, which can be the basis on which the final tobacco blends 
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are prepared. Tobacco is usually blended to achieve certain flavour, packing density and 
pyrolysis attributes in finished products such as cigarettes (Figure 1). 
 
Figure 1. A tear-away diagram of a king-size cigarette with indication of the burning and 
filtration zones. 
 
 
 
2.2.2 The tobacco industry as part of the global economy 
 
Tobacco (Nicotiana tabacum L.) is an unusual crop, in that a consumer combusts the 
leaves instead of ingesting the fruiting bodies or seed; nevertheless, it has become of 
immense importance to the international economy as a key source of financial income to 
farmers in many countries [15]. Over 50 species of tobacco are known to be cultivated 
globally although a few commercial varieties dominate [14, 16, 17]. 
 
The plant is ideal for horticulture and agronomy at latitudes between 55°N and 40°S as 
the progeny from seeds (weighing ~0.1 mg) from a single plant could populate roughly 6 
ha, growing to maturity after transplanting; requiring 120-140 days of frost-free field 
growth, adequate irrigation, 100 days of temperatures above 13 °C and preferably 
between 27-32 °C during the day in order to flourish [14]. 
 
In recent times, breeding or genetic engineering to enhance or achieve advantageous 
characteristics, such as ameliorating agronomic performance to meet trends in the global 
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demand shifts, has resulted in the tobacco industry being more diversified and 
segmented as an industry [15]. 
 
2.2.3 Germination and seedlings 
 
With adequate moisture, and temperatures between 18 and 23˚C, a fragile embryonic 
tobacco radicle will germinate from the tiny seed in 7 to 12 days, in order to access a 
source of moisture. At this sensitive point it may succumb within 4 hours to an excess of 
temperature or evaporation, or an excess of moisture whereby the respiration during 
metabolism of seed reserves is prohibited [13]. Deviation from the optimal temperature 
range can reduce the rate number of successful germinations, taking up to an extra 2 
weeks [13]. 
 
Most commercially available seeds for research purposes have a coating which can be 
dissolved in water, and the seed sterilised with sodium hypochlorite (NaOCl) if desired 
[18]. The majority of seedlings will gestate in two weeks in an incubator or growth 
chamber under standardised conditions of 16 hours of daylight at 23°C, to 8 hours of 
night at 20°C, light intensity of 250 mol photons m-2s-2, and a relative humidity of 75-80% 
[18]. 
 
2.2.4 Plant requirements 
 
Providing plants with the potential for maximum possible leaf expansion is fundamental in 
tobacco agriculture. To achieve this, the plant generally requires aerated, loose soil with a 
relatively open structure which promotes free moisture movement, abundant water, and 
an adequate nutrient supply [14]. Light sand-loam soils are generally ideal, however 
burley varieties grow successfully on heavy silt loam soils [14]. 
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Tobacco is a higher plant, and therefore requires at least 20 elements to be present in the 
soil within certain concentration ranges, including the elements boron (B), carbon (C), 
calcium (Ca), chlorine (Cl), copper (Cu), iron (Fe), hydrogen (H), potassium (K), 
magnesium (Mg), molybdenum (Mo), nitrogen (N), oxygen (O), phosphorus (P), sulphur 
(S), and zinc (Zn) [17]. Poor development is expressed in nutrient deficient soils, or 
toxicity in excess. Examples of this phenomenon include Zn and Cu, for which 
deficiencies are rare in agriculture, but are toxic above 20 ppm, with both scenarios 
reported in acidic soils [19]. 
 
2.3 Elements, nutrients and toxic heavy metals 
 
2.3.1 Description of metal groups and terms. 
 
This research is principally concerned with ‘heavy metals’ and more specifically ‘toxic 
heavy metals’, although ‘macro nutrient’ and ‘micro nutrient’ elements also play a key 
role. A report by IUPAC [20] has described in detail the technical misnomer of the term 
‘heavy metals’, however the term is deeply entrenched in the literature and for the 
purposes of this research they are taken to mean the metal and metalloid elements 
capable of biological, ecological and environmental harm.  
 
Harm with regard to contamination of land is well defined in The Environment Act 1995 of 
UK law, however the definition may be vary between countries. The application of ‘toxic’ 
to an element usually refers to it not being biologically essential; thus either the dosage 
(or concentration), exposure pathway, compound or combinations thereof can result in 
phyto- or zootoxicity [21].  It is important to note that the term does not refer to all 
compounds (or ‘species’; see section 2.5) of a heavy metal and all of its compounds, as 
there will be different biological and physicochemical properties depending on the 
chemical state, and therefore different toxicological characteristics [20]. Again common 
Metals in Tobacco Smoke   12 
 
usage is lax in this respect. The best defining property for the term is the atomic density 
of an element, with recommendations for >6g cm-3 (with exceptions) or >5g cm-3 [21, 22]. 
 
Heavy metals can also be biologically essential elements, otherwise known as ‘trace’ 
elements in nutritional circles, and ‘macro nutrients’ and ‘micro nutrients’ in scientific 
nomenclature [21]. 
 
Human toxicity has been investigated for many diseases. The International Association 
for Research on Cancer (IARC) has categorized the carcinogenicity status of many 
agents [23] (Table 1) and this classification is used in a summary of the various metals 
and metalloids found in tobacco that may be implicated in disease pathways, arbitrarily 
listed in alphabetical order in Table 2. 
 
Tobacco plants acquire elements from their growing environments, some of which are 
non-essential or toxic [24]. Ambient environmental conditions, the growing region, and 
even the soil characteristics are reflected in the composition of trace elements in tobacco 
[16]. The most important transition metals in tobacco as cobalt (Co), Cu, Fe, manganese 
(Mn), nickel (Ni), and Zn [25]. 
 
Table 1. World Health Organisation (WHO) International Agency for Research on Cancer 
(IARC) Carcinogenicity Classification. 
 
GROUP DESCRIPTION 
1 Carcinogenic to humans 
2A Probably carcinogenic to humans 
2B Possibly carcinogenic to humans 
3 Not classifiable as to its carcinogenicity in humans 
4 Probably not carcinogenic to humans 
 
  
The following subsections of the chapter are principally concerned with total elemental 
concentrations. Reference to the toxicity of individual compounds, oxidation states, 
species, or valence states where relevant is made elsewhere. 
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2.3.2 Sources of metallic and metalloid elements in tobacco 
 
The atmosphere, hydrosphere and lithosphere contain natural and anthropogenic metal 
and metalloid contaminants [4], some of which are important for living organisms in the 
ecosystem, others may be toxic to the plant, and others play no part in the plant’s 
metabolism.  
 
Plant tissues are not resistant to the permeation of many elements, and this is particularly 
the case for species that are selected and grown for leaf material. Indeed leaves, roots 
and stems accumulate more metals than edible seeds and fruit [26]. The relative barrier 
strength of plants to some elements (that is, the ability of the plant to resist the uptake of 
that element) can be ranked, and the observed trend is chromium (Cr), lead (Pb), 
mercury (Hg) > Cu > cadmium (Cd), Ni, Zn > Mo, thallium (Tl) [26]. 
 
Tobacco naturally contains both trace macro- and micro-nutrient elements, such as Co, 
Cu, Fe, Mn, Zn, and heavy and toxic heavy metals such as Cd, magnesium (Mg) and 
platinum (Pt) [27, 28]. Table 3 lists the observed ranges for selected elements in 
unburned tobacco, tobacco smoke and ash. 
 
The most significant routes for human exposure to toxic heavy metals are primarily 
ingestion of food and beverages, and inhalation of contaminated air [29]. Tobacco leaves 
provide an entry route for elements into the body system that may possess toxic 
properties, therefore composition characterisation is important  [30] and smoking tobacco 
has been modelled as a exposure route for some heavy metals [31]. Heavy metals 
inhaled during smoking have a long half-life in the body depending on bioavailability, 
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detoxification and excretion mechanisms [32]. These issues are discussed elsewhere in 
this study.  
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Table 2. Summary of elements of inorganic origin found in tobacco, their nutritional importance and some known toxic effects. 
 
ELEMENT TYPE NUTRITION 
 
TOXICITY IARC  
GROUP 
 
REMARKS REFS 
Aluminium 
(Al) 
post 
transition 
metal 
no known function occasionally phytotoxic 1 
There is an unproven link between Al and Alzheimer’s disease; interesting due to the 
relatively high concentrations in tobacco. 
Microcytic anaemia, osteomalacia, inflammatory and oxidative events are triggered on 
involvement of Al. 
[32, 33] 
Antimony 
(Sb) 
crystalline 
metalloid no known function 
known toxic 
species 2B or 3 
Poorly described in the tobacco literature. [34] 
Arsenic (As) metalloid possible function at ultra-trace 
toxic to most 
phyla 1 
Cancer (e.g. lung and skin); cardiovascular, gastrointestinal, hepatic and renal diseases.  
The nature of this component of tobacco smoke is defined elsewhere in this study.  
[22, 34-38] 
Beryllium 
(Be) 
alkali earth 
metal no known function toxic 1 
Possible role in tobacco is not well characterised. [39] 
Bromine (Br) halogen suspected function 
variably toxic 
in some 
concentrations 
3 
There are limitations on selected crops and products of 250 mg Br kg-1  [34, 40] 
Cadmium 
(Cd) 
transition 
metal no known function toxic 1 
Stomach irritation (vomiting and diarrhoea); lung damage; kidney diseases; cancer 
(probably). 
An archetypal highly toxic heavy transition metal. Boiling point significant for pyrolysis 
temperatures of a cigarette coal (800+ °C). 
Carcinogenicity status in upheld by the United States National Toxicology Program but 
contested elsewhere. 
Interactions occurring between Cd and the essential element Zn in plants, due to the similar 
physical characteristics of the two dicationic metals, have been defined as prevalently 
negative. 
Suspected to accumulate in a variety of plants. 
Actively transported via metallothionein (MT) proteins from the soil into plants and crops in 
potentially large concentrations with little sign of phytotoxicity, which could be grown for 
human consumption. Similarly, there is a relationship between contamination of cigarettes 
with Cd and subsequent concentration in the blood of smokers. 
Existing evidence does not demonstrate causality of cancer by Cd in cigarettes. 
Smoking contributes about half of smokers’ daily intake of cadmium. 
[19, 22, 
33-35, 38, 
41-53] 
Calcium (Ca) alkali earth metal 
essential 
(macronutrient) rare none 
Similar physical dicationic properties to Cd and Zn, including ionic radius (0.99 and 0.97Å 
respectively), therefore elemental substitution in organisms could be a mechanism for 
toxicity. 
Other sources comment that high Ca concentration may reduce the phytoremdiation 
potential of tobacco plants for some heavy toxic metals due to the detoxification mechanism 
whereby trichomes on the leaf surface excrete minerals that contain Ca and Zn which can 
accumulate in phytotoxic levels, and lower relative concentrations of Cd, which can 
accumulate in very high concentrations without extensive signs of phytotoxicity. 
[[18, 53, 
54] 
Chromium 
(Cr) 
transition 
metal 
micronutrient 
(essential) 
known toxic 
species 
1 (Cr(VI)) & 
3 (Cr(III)) 
Genotoxic carcinogens (Cr(VI)); lung cancer. Cr(III) required in carbohydrate metabolism in 
animals and humans, and ameliorates mild glucose intolerance. 
[38, 44, 
50, 55] 
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Cobalt (Co) transition metal 
micronutrient 
(essential) 
known toxic 
species 2A & 2B 
Contact dermatitis mutagenic and carcinogenic effects. It is also is essential for enzyme 
catalysed reactions as a co-factor. 
[19, 34, 
38, 40, 44, 
56] 
Copper (Cu) transition metal 
micronutrient 
(essential) rare none 
Blood serum levels of Cu are reported to increase from smoking. 
Inhibition of dihydrophil hydratase (in haemopoiesis); accumulation in liver and kidney. 
[19, 32, 
38, 57-59] 
Iron (Fe) transition metal 
essential 
(macronutrient) 
known toxic 
species 1, 2B & 3 
Human carcinogen in occupational Fe smelting work environment, associated with asbestos 
or silica dusts  
Fe is well known to be an essential element for human health as a component of heme 
proteins or ferritin. 
Females are known to have lower stores of Fe relative to males and an increased absorption 
as a compensation mechanism. 
Excess Fe absorption from diet, exposure or supplementation can produce pro-oxidant 
interactions in the body which can be as harmful as anaemic deficiency. 
Potential harmful nature of compounds and dust in conjunction with smoking tobacco. 
[40, 59-61] 
Lead (Pb) 
post 
transition 
metal 
no known function toxic 2A, 2B & 3 
Irreversible neurological damage; renal disease; cardiovascular effects; reproductive toxicity. 
Pb(0) ( 2b), organic compounds (3). 
Evidence for carcinogenicity is weak, compounds and Pb(0)can be highly toxic to animals, 
humans and the environment. 
Increases of Pb in the blood of smokers have been identified relative to non-smokers; this is 
significant due to its prevalence as a pollutant and involvement in mechanisms deleterious to 
health. 
[22, 32, 
35, 38, 50, 
53, 58, 62, 
63]] 
Manganese 
(Mn) 
transition 
metal 
micronutrient 
(essential) not known none 
Essential human nutrient as well as toxic to the nervous system. Neurological symptoms; 
affects liver function. As yet no relationship has been reported between smoking and the Mn 
content in blood. 
[32] 
Mercury (Hg) 
transition 
metal 
(liquid 
state) 
no known function known toxic species 3 
Organic compounds exhibit toxicity in humans, though Hg(0) and many Hg compounds have 
been designated Group 3. Tests conducted on Hg in humans smokers failed to highlight any 
directly correlating health implications, apart increased sister chromatid exchange (SCE) 
frequency (possible proxy for mutagenicity). Due to the relatively lower boiling point, almost 
unique in the vapour phase of smoke as other metals are largely represented in the 
particulate phase (Se also behaves in a similar way). 
[32, 33, 
35, 49, 50, 
64-66] 
Molybdenum 
(Mo) 
transition 
metal 
essential 
(macronutrient) not known none 
Essential element in both plants and animals.  [67] 
Nickel (Ni) transition metal no known function 
known toxic 
species 1 & 2B 
Possible human carcinogen in metallic and alloys. Known Group 1 compounds induce SCE. 
Some Ni compounds are reported to be toxic to human health. Ni increases have been 
associated with inhaling cigarette smoke. Accumulation in lungs. 
[32, 33, 
38, 44, 68, 
69] 
Polonium 
(Po) 
radioactive 
metalloid no known function 
known toxic 
species 2B 
Alpha and beta radiation. Higher relative concentrations found in bodily tissues of smokers 
than non-smokers. 
[32] 
Radon (Rn) radioactive noble gas no known function toxic 1 
A decay product of uranium (U) or thorium (Th) producing alpha particles. Environmental 
hazard reported to contribute to carcinogenicity of tobacco and tobacco smoke. 
[34] 
Selenium 
(Se) non-metal suspected function rare 3 
Gray, Alpha and Vitreous forms. Se is reported to be an anti-carcinogen. Reported reduction 
of blood and serum Se concentration of smokers compared to non-smokers. 
[32, 33, 
59, 70] 
Thallium (Tl) post trans. metal no known function toxic none 
Known to be toxic and non-essential in humans  
   
[14, 26] 
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Tin (Sn) post trans. metal no known function 
known toxic 
species none 
Has organic compounds that are relatively more toxic than inorganic compounds  [26] 
Titanium (Ti) transition metal no known function 
known toxic 
species 2B or none 
A single compound designated Group 2B. Reported to be toxic to humans. Included in 
analyses as proxy for soil contamination of plant material for correction purposes. 
[44, 55] 
Vanadium (V) transition metal no known function 
known toxic 
species 2B or none 
A single compound designated Group 2B. Not known to be essential in humans, but has 
soluble forms that are well absorbed in the lungs with properties reported to mimic human 
hormones. 
[33] 
Zinc (Zn) transition metal 
micronutrient 
(essential) toxic none 
Inhibition of copper absorption; nausea, vomiting, loss of appetite, abdominal cramps, 
diarrhoea, headaches. An important nutrient for plants and humans. Phytotoxicity (from 
excess), or cytotoxicity (in deficiency), exhibited out with a limited range of concentrations. 
Biological ligands compete for Zn and Cd, which makes it important to this study due to 
understanding phytoaccumulation mechanisms.  
Not accumulated in many human tissues or fluids, however higher relative concentrations 
proven to occur in kidney cortex of smokers over non-smokers. 
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Table 3. Concentration and source information for the more common inorganic elements found in tobacco and smoke. 
 
ELEMENT TOBACCO Refs SMOKE Refs ASH Refs SOURCE OF METAL Refs 
 Min Max 	  	   Min Max 	  	   Min Max 	  	   	   	  
 µg g-1 µg g-1   µg g-1 µg g-1   µg g-1 µg g-1     
Aluminium (Al) 16 1200 [22, 71, 72] - -  110 260 [71]   	  	  
Antimony (Sb) 0.06 33.62 [16, 24, 40, 
73] 
0 1.018 [16, 24, 
74] 
0.356 57.4 [40, 75]   	  	  
Arsenic (As) 0 3.4 [16, 24, 32, 
73, 76-79] 
0.004 0.1 [24, 80-
82] 
- -  Occurs naturally in air, rock, soil and water. Natural sources 
estimated at 8000 tonnes per annum with anthropogenic 
sources almost triple that including agrochemicals, computer 
chips, fossil fuel burning, herbicides, glass manufacture, 
insecticides, mineral debris, mining waste, non-ferrous metal 
smelting, rodenticides, and wood preservatives.  
[22, 
36, 37, 
50] 
Barium (Ba) 1.15 188 [16, 32, 34, 
72, 83] 
2.2 4.3 [16] 10 635 [7, 17, 63]   	  	  
Beryllium (Be) - -  0.001 0.006 [82] - -  Naturally found in aluminosilicate minerals. Anthropogenic 
sources include Be salts used in dental prostheses, golf clubs, 
nuclear weapons and space shuttles. 
[39] 
Boron  (B) 10 25 [72] - -  7.6 26 [72]   	  	  
Bromine (Br) 12 577 [16, 24, 34, 
40, 72, 73, 
76, 83] 
0.34 75 [16, 24, 
73] 
1.37 647 [16, 34, 
40, 72, 
73, 76] 
Methyl bromide was widely applied in controlling nematodes 
and other pests in tobacco crops but is gradually being 
phased out following the Montreal Protocol as an ozone layer-
depleting compound. 
	  	  
Cadmium (Cd) 0 11.87 [24, 29, 47, 
49, 62, 72-
74, 77, 79, 
84-91] 
0.031 0.271 [25, 51, 
74, 80, 
81] 
0.085 14.3 [30, 74, 
76, 85] 
Cd has a mean annual global emission rate of 5400 tonnes of 
which two thirds is anthropogenic. Contamination of soils can 
result from application of manures, phosphatic fertilizers 
sewage sludge, and soil amenders in agriculture, aerial 
deposition, contamination of livestock feeds by supplement 
addition, liming and consequent excretion mining, ore-
dressing, electroplating, fuel combustion, galvanizing, 
metallurgy of Cu, Pb, Zn and other metals, use in pigments, 
rechargeable batteries, and stabilization of PVC products. 
[19, 
22, 51, 
52, 61, 
66, 85, 
86, 92-
96] 
Cesium  (Cs) 0.053 0.64 [16, 83] 0.003 0.082 [16] 0.024 0.419 [16]   	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Calcium (Ca) 5000 78000 [16, 32, 34, 
72, 73, 76, 
83] 
- -   9900 365000 [16, 34, 
72, 76] 
  	  	  
Cerium  (Ce) 0.47 5.2 [16, 24, 72, 
83] 
0.09 0.19 [16] 0.57 21.7 [16, 72]   	  	  
Chlorine  (Cl) 5000 50000 [76] - -   - -     	  	  
Chromium (Cr) 0 10.3 [16, 24, 28, 
32, 40, 73, 
79, 83] 
0.15 1.5 [16, 73] 1.82 107 [16, 28, 
40, 73, 
76] 
Liberated from parent material and cycled through organisms 
into the soil. Anthropogenic sources include fossil fuels 
(hexavalent Cr), and alloy production. 
[96, 
97] 
Cobalt (Co) 0.138 6.66 [16, 24, 29, 
32, 40, 73, 
83, 91] 
0 0.4 [16, 24, 
73] 
0.069 36.8 [16, 29, 
40, 73, 
88] 
Anthropogenic sources include by-products of refining copper, iron, lead, 
nickel and silver ores.  
Copper (Cu) 0.24 510 [16, 24, 34, 
72-74, 76, 
77, 88] 
0.013 0.013 [24] 1.8 750 [16, 34, 
72, 76, 
88] 
  	  	  
Europium (Eu) 0.003 0.27 [16, 73, 83] 0.004 0.022 [16] 0.085 0.86 [16]   	  	  
Gallium (Ga) 1 3.8 [72, 76] - -   0.88 5.7 [72, 76]   	  	  
Gold  (Au) 0.08 0.23 [40] - -   0.22 0.33 [40]   	  	  
Hafnium (Hf) 0.004 2.25 [16, 40, 83] 0.02 0.08 [16] 0.003 8.62 [16, 40]   	  	  
Iron (Fe) 80 7859 [16, 24, 29, 
32, 34, 40, 
72, 73, 76, 
79, 83, 84] 
0.014 127 [16, 24, 
73, 84] 
103 24349 [16, 29, 
34, 40, 
72, 73, 
76, 84] 
Fe has been included in this descriptor of elements due to its 
ubiquitous nature in the environment, animals and plants. 
[98] 
Lanthanum La  0.39 10 [16, 72, 73, 
83] 
- -   0.54 6.07 [16, 72]   	  	  
Lead  (Pb) 0 43.66 [24, 29, 46, 
49, 62, 72-
74, 76, 77, 
79, 84, 88, 
89] 
0.032 0.41 [24, 49, 
80, 81, 
84] 
0.58 80.2 [29, 72, 
76, 84, 
88] 
Anthropogenic sources include building material, ceramic 
glazing pigments, plumbing, emission of vehicle combusting 
tetraethyl leaded fuel (declining trend in developed countries). 
General population exposed to Pb from air and food with a 
spatial heterogeneity borne from the widespread distribution of 
roads to agricultural areas and population centres, though 
apparently there may not be a linear relationship between 
concentrations in soil and tobacco plants due to its tendency 
for immobilization in soils after air deposition. 
[22, 
49] 
Lithium (Li) 1.5 20 [72] - -   1.3 17 [72]   	  	  
Magnesium 
(Mg)  
1300 5400 [32, 72] - -   1600 4200 [72]   	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Manganese 
(Mn) 
55 540 [24, 32, 72-
74, 76, 79] 
0.002 0.003 [24] 66 12909 [72, 76]   	  	  
Mercury (Hg) 0.007 0.334 [16, 49, 73] 0.006 0.292 [16, 49] 0.085 0.4 [16] Historically a component of fungicides utilised in tobacco 
production. Hg enters water from the geological process of 
crustal degassing. Anthropogenic sources associated with 
coal consumption, dental amalgams, gold mining in non-
developed countries, and industrial pollution. 
[22, 
33, 35, 
49] 
Molybdenum 
(Mo) 
0.84 1.08 [67] - -   - -     	  	  
Nickel  (Ni) 0.26 400 [29, 32, 72, 
76, 88, 91, 
99]  
0.001 0.9 [24, 82] 0.47 40.4 [29, 72, 
76, 88]  
Liberated to the environment from weathering of rocks and 
soil, and volcanic emissions of Ni containing dusts. 
[69]	  
Niobium  (Nb) 1 1.2 [76]  - -   1.76 2.85 [66]   	   
Phosphorus (P) 1840 3180 [16] 30 40 [16] 7830 13200 [16]   	  	  
Potassium  (K) 1300 118000 [16, 24, 34, 
72, 73, 76, 
83] 
39 4420 [16, 24] 6300 617000 [16, 34, 
72, 76] 
  	  	  
Rubidium (Rb) 4.5 100 [72, 73, 76, 
83] 
2.1 3.38 [16] 4.6 170 [16, 72, 
76] 
  	  	  
Samarium (Sm) 0.01 0.88 [83]  - -        	  	  
Scandium (Sc) 0.085 9.1 [16, 24, 40, 
83]  
0.01 0.05 [16, 24] 0.35 6.61 [16, 40, 
74] 
  	  	  
Selenium (Se) 0.18 1.8 [16, 24, 32, 
76] 
0.002 0.319 [16, 24]  0.072 0.296 [16]   	  	  
Silicon (Si) 140 180 [72] - -   230 460 [72]    	  	  
Sodium (Na) 39 1910 [16, 24, 72, 
73, 100]  
1.2 590 [16, 24] 94 4930 [16, 72]   	  	  
Strontium (Sr) 27 300 [16, 32, 34, 
72, 74, 76, 
83] 
- -   25 1593 [34, 72, 
76]  
  	  	  
Thallium  (Tl)   - 0.011 0.011 [24]      	  	  
Thorium (Th) 0.011 0.834 [[16, 72, 
83] 
0.052 0.087 [16] 0.013 4.295 [16, 83]   	  	  
Tin  (Sn) 0 2.1 [79] - -        	  	  
Titanium  (Ti) 0.76 378 [34, 72, 74, 
76]  
- -   3.4 1515 [34, 72, 
76] 
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Uranium  (U) 0.005 0.01 [72] - -   0.009 0.041 [72]   	  	  
Vanadium  (V) 0.49 5.33 [99] - -      Primarily anthropogenic sources associated rural and urban 
air pollution from industrial processes. 
[99]	  
Zinc  (Zn) 8.1 169 [16, 24, 32, 
40, 74, 76, 
77, 83, 84, 
91]  
0.07 17 [16, 24, 
74, 84]] 
14.7 1189 [16, 40, 
74, 76, 
84] 
  	   
Zirconium  (Zr) 8 13.9 [83] - - - 40.3 55.5 [83]    	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2.4 Metals and plant production 
 
2.4.1 Bioavailability and toxicity 
 
Toxic substances may migrate through food chains to humans as receptors at 
their terminus [46]. From the soil, entry of metals into the food chain depends on 
the amount and source of the contaminant, soil properties, the magnitude and rate 
of plant uptake and/or extent of absorption by animals [21]. This relationship 
becomes further complicated when one considers that tobacco is combusted and 
inhaled, or simply chewed for consumption by humans through the respiratory 
system and/or saliva through the digestive system, instead of harvested for 
consumption exclusively in the digestive system as with similar agricultural crops 
that are cultivated for their leaves.  
 
Bioavailability to a plant and the solubility of pollutants from the soil are ultimately 
governed by biological and chemical properties of the soil, and climatic factors 
[26], as well as organic matter content and pH [101], which also affect the 
chemical and physical properties of tobacco [16]. 
 
Tobacco is thought to have evolved about six million years ago [11], and in 
addition to the conditions above, the plant has survived successfully in 
environments and growth media which are rich in potentially toxic contaminants. 
Tobacco plants can accumulate toxic elements from polluted air and soil, the 
concentration of which is dependent on the extent of the pollution and the 
element-specific uptake rate [102]. 
 
Cell metabolism perturbations, due to the inhibition of proteins and enzymes, can 
be expressed in plants exposed to high concentrations of metals, resulting in 
reduced or inhibited root and shoot development and elongation, leaf chlorosis 
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and tissue death [31]. Some metallic elements absorbed by higher plants can be 
‘bound’ to a certain extent by a variety of mechanisms, the majority of which are 
based on phytochelatins [103], which partially detoxify potential toxins. 
Phytochelatins are oligomers of glutathione, a tripeptide anti-oxidant which 
prevents reactive oxygen species (ROS) from causing damage to important 
cellular components.  
 
pH of soil is the dominant property affecting Cd availability to plants [42], and the 
effects could be doubled under acidic conditions [19]. The concentration of Cd and 
some other elements including Cu, Ni, Se, Mn and P, redox conditions and 
sorptive capacity of the soil also affect plant uptake rate [51]. 
 
Climate and biological activity also play a major role. Climatic effects include the 
positive correlation between uptake of heavy metals Pb and Cd by plants from soil 
with increasing temperature, and biological effects include the potential 
immobilisation of some metals through microbial activity [101]. 
 
In certain locations Cd concentrations can be well above the historical 
background, such as at the Rothamsted Experimental Station, UK where levels in 
the plough layer depth soils increased by 20-55% over a period of 130 years [48]. 
An increase in Cd concentrations in tobacco shoots following a fallow year was 
observed following an experiment [48]. When considering that tobacco is a natural 
accumulator of Cd, one can hypothesise that the crop might also act as a 
remediator when harvested; removing a portion of the Cd deposited from the 
environment to the soil each year. 
 
2.4.2 Effect of soil properties on heavy metals 
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Soil characteristics, including the total elemental concentrations of some transition 
metals, are influenced by aeration, anthropogenic inputs, climatic conditions, 
geochemical and biogeochemical processes, local irrigation and hydrology, local 
parent-material geochemistry, partitioning between solid and aqueous (or 
otherwise soluble) phases at the soil particulate level, and soil pH [16, 58, 101].  
 
Soil has the capacity to buffer the effects that contaminants may have, by binding 
these agents to soil constituents, or chemically converting them to inactive or 
soluble forms: these factors alone make for complex dose-response relationships 
in crops [48]. Cr and Pb for instance, have low solubility in soil and limited uptake 
through plant roots [26].  
 
Interactions between soil and heavy metals include absorption to organic and 
mineral soil colloids such as clay particles and transition metal sesquioxides, 
immobilisation to inorganic and/ or hydroxide forms, and complex formation with 
organic matter [104]. At the microscopic level, the cation exchange capacity 
(CEC) of soils becomes fundamental to the bioavailability or holding of nutrient (or 
contaminants) cations exchanged from the soluble phase. CEC is determined by 
the prevalence and composition of clay and humic colloids, and pH. Plant roots 
hairs cells have a corresponding CEC which will be explored in the following 
section. Physically, metals can be redistributed throughout the soil profile by 
processes including weathering [101], making certain elements differently 
accessible to plant roots in the wild, and making ploughing a complicating factor in 
agriculture.  
 
The pedogenic (geogenic) processes of semi-natural soils generally result in low 
levels of pollutant loading, as naturally occurring heavy metals occur in forms that 
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are chiefly unavailable for plants to uptake [21, 101]. Soils which are either heavily 
managed, or contaminated with point source/localised high concentrations of 
pollutants, are regarded as typically having higher bioavailability to plants due to 
surface site saturation; sources can include disposal of domestic and industrial 
waste, industrial and manufacturing processes [21, 101, 102]. The accretion of 
undesirable components to soils through addition of animal manures, herbicides, 
pesticides and phosphatic fertilizers, and atmospheric deposition [48], are 
regarded as diffuse source pollution in agricultural areas that represents a major 
source of concern for heavy metal introduction to the food chain or potential 
release to water bodies [21, 105]. 
 
2.4.3 Uptake to roots 
 
It has been ascertained that undesirable contaminants exist in tobacco, which 
may be ingested by humans as a receptor in the food chain. The contaminants 
exist in soils, accumulated from natural and anthropogenic sources, which can 
become or remain bioavailable to plant uptake, as found in this study. It is known 
that tobacco plants accumulate metals in the leaves by absorbing them from the 
soil through the roots [99]. For example, when bioavailable, Cd and Pb can be 
easily absorbed from soil and concentrate in tobacco leaves [45]. In this case the 
source is explained and the receptor defined, however the pathway for this 
phenomenon needs to be understood. 
 
The fields of plant and plant cell physiology, uptake and translocation mechanisms 
of substances, and their associated biochemistry are explored briefly in terms of 
the foundations as well as some specifics for individual ions, compounds or 
groups of substances pertinent to the present study in the later sections. This 
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following section is concerned with the interface between the environment and 
plant root. 
 
Before a substance (an amino acid, compound, ion or molecule) can reach the 
cytoplasm, it must negotiate, or be introduced by channels or mechanisms within 
the plant cell wall and membrane physiology. Principal uptake mechanisms of 
substances in normal metabolism (excluding for the moment gases, water and 
contaminants) include active transport and passive mediated transport. In active 
transport, energy is required to transport a substance across the root cell 
membrane against a concentration gradient. In passive-mediated transport, 
protein channels and transport proteins, mediate diffusion of soluble substances 
that would otherwise be prohibited by the hydrophilic nature of cell walls and 
membranes. Once inside the plant root epidermis cell walls, substances are 
translocated through apoplastic and symplastic pathways within tissues or organs. 
Longer distance transport occurs through the xylem, initially at the symplasm level 
through the epidermis tissue, then at tissue level through the cortex to the 
endodermis, to the pericycle, then into the xylem.  
 
Nutrient cations are exchanged at the interface of soil colloids and plant root hair 
cells  carboxyl and hydroxyl groups, and to a lesser extent phenolic and amine 
groups determine the CEC of roots [18]. The decrease of cation exchange affinity 
on root cell walls has been reported as H>Cu>Ca>Zn and H>Cu>Zn>Ca [18]. 
Plant root cell walls are involved in the acquisition or exclusion of mineral 
elements including heavy metals as a tolerance mechanism [18]. This property 
limits the translocation of a significant proportion of an accumulated contaminant 
to the fruit, leaves or seed  [26]. However, the substance uptake and translocation 
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rate characteristics could be unique for the interactions between different soil 
types, plant groups or substance compositions at any level of observation.  
 
Cadmium uptake 
 
The non-essential nutrient Cd is accumulated in crop species predominantly from 
soil, at a rate largely regulated by the concentration and pH in the soil, but also 
influenced by CEC, microbial activity, mycorrhizal interactions, presence of 
competing elements such as Zn, redox potential and type of soil. Reduction in Cd 
translocation to above-ground plant tissues could be achieved by sequestration to 
the roots in the form of Cd-metallothionein, though elements with similar atomic 
characteristic (such as Cu) may interfere with this aspect of nutrient metabolism 
[19]. 
 
In tobacco it has been found that leaf Cd concentration correlates negatively with 
plant yield, and that uptake may be reduced by liming the soil [51]. However, leaf 
hairs of tobacco exposed to specific Ca and Cd isotopes produce grains 
containing the same isotopes as an excretion mechanism, adding a further 
dimension to the interaction of tobacco and environmental Cd, and heavy metal 
tolerance in the plant [31]. 
 
Zinc uptake 
 
Zn can occur at very high concentrations in soil before precipitation occurs [101]; 
however it is a micronutrient at normal concentrations in soil, deficiencies being 
rare. Levels higher than 20ppm can become phytotoxic [19, 58], when plant 
growth above and below ground become affected and chlorophyll content 
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reduction has been observed [31]. Sources can include fertilizers and fungicides 
applied to agricultural land, at various intensities and frequency of input. 
 
In toxic conditions there is a systematic increase in tobacco leaf vein and trichome 
Zn concentrations; subsequently grains are created and excreted from the 
trichomes [31]. 
 
2.4.4 Environment to plant 
 
Currently, the most significant source of inorganic, organic and radioactive 
environmental pollutants concentrated into tobacco from the environment is from 
anthropogenic energy conversion, and subsequent waste by-products liberated to 
the atmosphere by burning fossil fuels [14]. So, in addition to the uptake of these 
pollutants from their accretion in soils through roots into shoots, aerosol 
particulates can accumulate on shoots and leaves from atmospheric deposition 
[31]. In this way, metals may dissolve and be transported throughout the plant 
through entering the stomata [48]. 
Effects of fertilising 
 
Soil pH and fertilization imbalance are known to affect the availability of certain 
nutrients and cause disease in plants, therefore tobacco has been studied 
extensively in nutrition, and especially nutrient deficiency studies. For instance 
excess N has been found to protract the vegetative phase which is important 
information when dictating the balance between yield and quality, and excess K2O 
reduces the tar and nicotine delivery without affecting yield or grade [14]. 
 
In an ideal world, fertilizers would be pure: primary nutrient fertilizers containing 
just N, P and K, secondary S, Ca, Mg and/or Na, and micronutrient B, Co, Cu, Fe, 
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Mn, Mo and/or Zn [105]. Also, concentrations in plant leaves would increase 
proportionally with application rates; however, in tobacco, leaf Mn concentration 
increases with increasing Mn application to soil, but decreases with increasing soil 
pH (decreasing acidity) [32]. 
 
In the real world, manure and sewage sludge are cheap, effective and widely 
exploited sources of nitrate (NO3)-, and phosphate (PO4)3- fertilizers are chiefly 
derived from rock. Both fertilisers have been implicated in heavy metal 
accumulation in soil [30]. Interactions are complex, so too the biological and 
chemical immobilisation of metals can be achieved through application of 
‘exceptional quality biosolid’ organic compounds, lime and (PO4)3- reducing 
bioavailability of heavy metals [21, 48]. Field grown tobacco crops require high N 
fertilisation, a process which transiently acidifies soil through microbial nitrification 
of ammonium (NH4)+, increasing the uptake and therefore concentration of Cd in 
tobacco leaves [19]. Cigarette manufacturers also discourage the use of fertilizers 
containing high levels of Cl [14]. 
 
Phosphatic fertilizers and heavy metals 
 
Positive and negative effects have been observed with phosphatic fertilizers 
applied in tobacco cultivation. The same plots were used repeatedly and excess 
phosphatic fertilizer was applied [106]. In these circumstances, cultivated land can 
be increasingly contaminated by traces of Cd, Cu, Mn, Ni, Pb and Zn and other 
naturally occurring metals that exist in (PO4)3- rocks from which the fertilizers are 
derived, through increasing partitioning to the soluble phase as soil acidification 
can occur simultaneously [47, 107]. Excess (PO4)3- and sulphate (SO4)- ions have 
also been found to reduce soil solution Pb and Cu concentrations [101]. 
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Sludge application and bioavailability 
 
There are views on the application of fertilizers to agricultural soils in the form of 
sewage sludge or biosolids, in relation to contaminant bioavailability. The positive 
perception is that application could limit the transfer of potentially toxic elements to 
plant roots, because sludge solids and soils have a greater affinity to bind them 
[26], and that plant growth is promoted significantly with this treatment compared 
to commercial fertilizer application [58]. Notwithstanding the positive aspects, the 
negative perspectives are becoming increasingly numerous. 
 
Industrial wastes, municipal solid wastes and sewage sludge are applied due to 
the ‘beneficial use’ philosophy; the understanding whereby these materials have 
beneficial characteristics for agriculture in the short-term, whilst being known to 
have undesirable properties and/or contaminants (perhaps in significant 
concentrations) that could cause contamination at local and regional scales in the 
long term [26, 48]. Some of the potential hazards identified from sludge 
application are listed below (Table 4). 
 
Specifically, negative impacts include the gradual accumulation of heavy metals in 
cultivated soils due to repeated application of activated sludge wastewater [108], 
and therefore toxicity through the trophic chain in water sources, vegetation and 
livestock to humans [104]. Vigilance of the water industry is required to ensure the 
environmental sustainability of this resource in processing industrial effluents [94]. 
Ensuring these metals are not in the form of salts is desirable, as these are 
typically more soluble and therefore more available to plants; however even at 
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higher loadings, where solubility plateaus, sludge borne metals represent a 
significant source of metals in agriculture [26, 104]. 
 
Insecticides 
 
Insecticide use represents a direct application of exogenous material to the 
above-ground plant surfaces and tissues. In UK agriculture, there are now few 
permitted heavy metal containing insecticides since those containing As and Hg 
were prohibited [94].  For instance, As containing insecticides in plant production 
leads to substantial As levels in tobacco, and reduction of arsenical sprays 
correlates with a reduction in tobacco As level [77]. It is recognised that breeding 
for pest resistance is the most effective way to reduce environmental harm and 
promote production of safer tobacco [14]. 
 
2.4.5 Bulk localization of heavy metals in the tobacco plant 
 
The botany and physiology of the tobacco plant must be taken into account when 
describing the distribution of various elements and compounds within the plant. 
For instance, the development of the large leaf area can only be supported by an 
incredibly active system of roots (see section 2.2.1), and the position of the stem 
nodes demarcating patterns of relative nicotine, total nitrogen or reducing sugars 
distribution [14]. This, in combination with local effects in the rhizosphere, has a 
greater effect than bulk soil characteristics and chemistry in dictating the uptake of 
toxic elements across the ‘soil-plant barrier’; ranked Pb, Cr, Hg> Cu>Ni, Zn, 
Cd>Mo, Tl, with regard to relative effectiveness [26]. 
 
The process of negotiating the ‘soil-plant barrier’ (see section 2.4.3) and 
subsequent pervasion of metal ions to the above ground plants involves 
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sequestration by root cells, transportation through the symplasm to the stele and 
mediation into the xylem via highly specific membrane protein [57]. From the 
xylem sap, transition metals can be scavenged and redistributed through the leaf 
cells via apoplastic and symplastic pathways, then to organelles according to the 
required specific physiological parameters for metal-containing proteins [57]. 
 
The concentration of metals in plant tissues is usually inversely proportional to 
uptake resistance. Generally root crops have stronger barriers than crops 
harvested for leaves, and  the lowest concentrations found in fruit or edible seeds, 
compared to leaves, roots and stems, although there are exceptions for different 
crops, metals and environments [26]. The tobacco plant is known to accumulate 
species of heavy metals (see section 2.5.1) from the soil into leaves [91], and with 
an effectiveness that makes it amenable for application as a soil remediation 
biotechnology [33], especially for Cd [43]. Specifically, bulk concentrations of 
elements in leaves are generally concentrated according to stalk position, in a 
gradient of highest in the lowest, older leaves and lowest in the young, topmost 
leaves [32]. There are exceptions and extenuating circumstances, for example 
concentrations of the essential elements Cu and Zn have been found higher in 
upper leaves compared to lower, except when high concentrations of fertilizer are 
applied in which case the opposite is observed [107]. 
 
Cadmium 
 
It is generally observed that plants will accumulate Cd into the root system, with a 
proportion translocated to above ground plant parts with an efficiency that is 
specific to genus and species (lettuce and tomato are particularly efficient, 
whereas crops such as maize are as low as 25% translocated to leaves) [85]. 
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Also, higher concentrations are frequently observed in leaves compared to grains 
and fruiting bodies [48]. 
 
Tobacco has been established as an efficient accumulator of Cd from the soil [61] 
(see section 2.4.3), although different species have different behaviours for 
localised sequestering of the metal; N. rustica and N. rutifolia accumulate Cd very 
efficiently in roots and poorly in leaves, whereas N. tabacum accumulates equally 
efficiently in both [51]. 
 
When Cd, and an analogue Zn, is absorbed into the tobacco plant and 
translocated to the above-ground plant parts via the stalk, the concentrations 
found in the leaves decrease with increasing height [109], which is equivalent to 
leaf age. Wagner reported that Cd distribution in leaf laminae is uniform, with 
lower relative concentrations in stems and leaf midribs [19].  
 
Distributions of elements within the differentiated cells of the leaf laminae, the 
epidermis and mesophyll cells, have been determined in other plant species [57], 
but not investigated to any significant extent in tobacco plants although this may 
be fundamentally important in excretions mechanisms. At the cellular level, 
elements such as Ca have been discovered in crystalline oxalate form in the 
vacuoles (specialized idioblast cells within leaves) [31]. 
 
Table 4. Effects of sludge application to agricultural soils for some toxic elements.  
 
Element Media Effects of application Ref 
Arsenic 
(As) 
Sludge Becomes largely unavailable due to rapid fixation in soils [110] 
	   Industrial 
waste 
Repeated application or disposal can lead to an accumulation in 
soil, and through the trophic chain 
[21, 58, 
104] 
Cadmium 
(Cd) 
Sludge High mobility in soils for plant uptake under the right 
circumstances 
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   Sludge Generally, crops produced from soils amended with sewage 
sludge contain higher concentrations 
[68] 
	   Sludge In one example, a soil with a 1 mg Cd kg-1 background, had a 
final concentration of 44 mg Cd kg-1 after amendment with 
sewage sludge 
[42] 
	   Sludge An experiment indicated that guideline limits in clayey, loamy and 
sandy soils were not exceeded 
[58] 
	   Sludge There is a correlation between increasing Cd concentration with 
decreasing pH 
[22] 
	   Sludge Quality of the sludge and suitability of the soils must be 
scrutinised as the resultant tobacco concentration will be 
consequential 
[90, 110] 
	   Industrial 
waste  
Repeated application or disposal can lead to an accumulation in 
soil, and through the trophic chain 
[21, 58, 
104] 
	   Sludge Consumption of plants with high Cd concentrations as a result of 
being grown on sludge treated soils can increase Cd 
concentrations in human kidney and liver tissues directly or 
indirectly through the trophic chain 
[96] 
Chromium 
(Cr) 
Sludge & Becomes largely unavailable due to rapid fixation in soils [110] 
	   Industrial 
waste 
Repeated application or disposal can lead to an accumulation in 
soil, and through the trophic chain 
[21, 58, 
104] 
	   Sludge Usually low concentration of from diffuse sources can be 
increased to very high levels in sludge amended soils with long 
term degrading of organic matter; at high pH Cr may be oxidised 
to chromate (Table 5). 
[26] 
Copper 
(Cu) 
Waste 
(especially 
Industrial) 
Repeated application or disposal can lead to an accumulation in 
soil, and through the trophic chain 
[21, 58, 
104] 
Mercury 
(Hg) 
Sludge Becomes largely unavailable due to rapid fixation in soils [110] 
	   Waste 
(especially 
Industrial) 
Repeated application or disposal can lead to an accumulation in 
soil, and through the trophic chain 
[21, 58, 
104] 
Nickel (Ni) Waste 
(especially 
Industrial) 
Repeated application or disposal can lead to an accumulation in 
soil, through the trophic chain; tobacco effectively absorbs soil Ni, 
accumulated it in the leaves 
[21, 32, 
58, 104] 
Lead (Pb) Sludge Becomes largely unavailable due to rapid fixation in soils [110] 
	   Waste 
(especially 
Industrial) 
Repeated application or disposal can lead to an accumulation in 
soil, and through the trophic chain 
[21, 58, 
104] 
Tin (Sn) Sludge Organic compounds represent significant fractions of sewage 
sludge Sn which are more toxic than inorganic forms 
[26] 
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Trichome excretion mechanism 
 
Tiny leaf hairs (trichomes) are thought to be highly influential in many plants for 
the detoxification and storage of many elements [57]. An important property of the 
tobacco leaf that influences insect resistance and susceptibility, and ultimately the 
aroma and flavour of the final product, are the compounds on the leaf surface 
derived from viscous fluids exuded at trichomes [14].  
 
Trichomes are glandular structures capable of excreting various alkaloids. 
Tobacco has two distinct varieties, namely long trichomes that exude nicotine, and 
short trichomes that exude defensive proteins, resins and terpenoids [31]. The 
accumulation rate of metals in trichomes is governed more by physiological 
requirements than potential toxicity [57]. The tolerance of tobacco to high levels of 
Ca, Cd and Zn can be attributed to a cooperative mechanism leading to the 
proliferation of trichomes and precipitation of grains (20 – 150 µm) containing 
those elements [31, 57]. Mineralogical analysis of these grains indicates the 
presence of stable and metastable calcium carbonates (calcite, vaterite and 
aragonite) with some Zn substitution, as well as calcium oxalate [31].  Cd has also 
been found to be substituted in carbonate grains, which is an important property 
that could be exploited to reduce metal exposure through smoking, and therefore 
harm, if a process can be adapted to remove them before cigarette manufacture 
[31] (see section 2.6.2 & Table 7). 
 
2.4.6 Conclusion 
 
The quality of agricultural soils, microbial processes, phytotoxicity, and transfer of 
zootoxic elements through direct ingestion or through the trophic chain to human 
diet are all important considerations in crop production [94]. The availability of 
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information, translation to policy, and implementation through governance is 
important to regulate the inputs of specific elements to soils through applications 
of low quality, toxic heavy metal containing fertilisers, sewage sludge, insecticides, 
pesticides, and atmospheric deposition from myriad emission sources [94]. 
Optimisation of the growing media, environment and practices, selection or 
breeding of tobacco for low uptake or enhanced excretion of target elements, and 
inclusion of processes intended to exclude or remove as much of the undesired 
elements could potentially be adopted as a strategy in cigarette manufacture to 
reduce final bulk elemental concentrations. However, focusing on concentrations 
alone is an over-simplification of the potential for harm to humans of some 
elements and the relationships between speciation and health are fundamental. 
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2.5 Species, complexes and ligands 
 
2.5.1 Species 
 
From the outset, it has been made clear that total elemental concentration is not 
the single determining factor expressing toxicity in organisms. The relationships 
are, as yet, poorly understood for many elemental species [20]. 
 
2.5.2 Species bioavailability 
 
Bioavailability is defined as “the measure of the proportion of the total amount of a 
nutrient that is utilised for normal body function” [64], however the proportion not 
utilised could therefore alter or negate that normal function resulting in toxicity. 
 
In terms of total bulk concentrations of nutrient elements that a plant may absorb 
there is a general consensus that the trace elements Cr, Fe and Mn are the most 
poorly absorbed (estimated as 15%), that Ca, Mg and Zn are reasonably well 
absorbed (50%), that Cu, P and Se are taken up at approximately 70%, and that 
>90% of K is accumulated [64]. Though the aforementioned elements essential for 
nutrition or as co-factors can become deleterious to plant health in deficit or 
excess, consideration must be given to the fact that the chemical form (or species) 
of these, or non-essential elements, dictate bioavailability and toxicity [108]. These 
characteristics are in turn predicted by physiological barriers to uptake within the 
plant, microbial processes conditions in the environmental in which the plant is 
grown (see section 2.4.1), and the source, species and relative concentration 
(Table 5). 
 
In species analysis within biological tissues understanding and identifying the 
analytical target amongst naturally occurring species can be obfuscated due lack 
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of research, or limitations of techniques for chemical species remaining 
undiscovered at lower and ultra-trace levels [4]. 
 
2.5.3 Elemental species interaction and substitution 
 
Divalent, dicationic species such as Cu2+, Mn2+, Ni2+, Zn2+ etc. are essential plant 
micronutrients, which can become toxic in excessive concentrations [103], and 
have a high affinity for amines and thiolates, or as cofactors in the case of Ni2+; 
thus in excess or substitution, uncontrolled binding to DNA and inactivation of 
proteins can occur [57].  
 
Other redox active and oxidative stresses inducing metal toxicity add into these 
increasingly complicated multifactorial mechanisms, such as reactive oxygen 
species in Fenton-like reactions [35]. Ni carbonyl has been reported not to transfer 
to tobacco smoke (Table 4), however Co and Fe also form carbonyl complexes at 
the temperatures at which tobacco burns, and therefore may present a risk to 
smokers [29]. 
Metals in Tobacco Smoke   39 
 
Table 5. Potential species of metals in tobacco and their properties 
 
ELEMENT VALENCE STATES SPECIES  COMMENTS REF. 
Antimony 
(Sb) 
Sb(0)	   	   	   Occurs naturally oxidation states (0), (-III), (III) and (V) [56] 
	   Sb(-III) 	   	   	   	  
	   Sb(III) 	   	   Most common and stable Sb oxidation state, and absorbed by mammalian cells equally well as 
As(III) 
[56] 
	   	   Antimony trioxide Sb2O3 Commercially significant Sb compound worldwide as a constituent of adhesives, paper, pigments, 
and textiles and as a flame retardant in rubber. There is sufficient evidence for carcinogenicity in 
laboratory animals has been identified by the IARC 
[56] 
	   	   Antimony trisulphide Sb2S3 Limited evidence for the carcinogenicity of Sb2S3 in laboratory animals  [56] 
 Sb(V)     
Arsenic (As) 	   	   	   Human exposure is generally to inorganic; arsenite (As(III) or arsenate (As(V)) [37] 
	   	   	   	   Human intake mainly via of food and drinking water (water usually <10µg L-1) [22] 
	   	   	   	   Inorganic As compounds present in drinking groundwater in several countries  [35] 
    Organic arsenic compounds are primarily found in fish (human exposure route) [22] 
 As(III)   Associated diseases diabetes, hypertension, tumours (skin, bladder, liver and lung) [35] 
	   	   	   	   Predominant form in drinking water from deep (anaerobic) wells, which when imbibed is actively 
transported into cells via aquaglycoporins 7 and 9, remaining unchanged at physioloigical pH, and 
so passes through the cell membrane quickly, resulting in increased toxicity compared to  As(V) 
which is transported relatively slowly  
[37] 
    Observations in epidemiological studies associates this species with increased cancer risk [37] 
    Enzymatic methylation in cells, catalysed by methyltransferases that utilise an S-adenosyl-
methionine (SAM) cofactor, produces monomethylarsonic (MA) and dimethylarsinic acids (DMA) 
[36] 
  Arsenite As2O3 or H2AsO3- Most humans excrete 10-30% [37] 
  Methylarsonous Acid 
(MA(III)) 
H2AsO2CH3 Humans metabolise As compounds by methylation; a major detoxification pathway, as excretion in 
urine is faster in methyl-As species than inorganic species. The process is also observed in 
bacteria, fish and rats, though large inter-individual variations are observed in humans 
[36, 37] 
    More toxic than As(III) both in vitro and in vivo; exposed humans excrete 10-20% [37] 
 
 
 
   Due to the associated toxicity of MA(III), methylation may be also be considered an activation 
pathway; some humans individuals express high As methylation rates, and compared to those 
excreting less methyl-As species and excreting more inorganic As, will experience more toxic 
effects  
[36] 
  Dimethylarsinous 
Acid (DMA(III)) 
HAsO(CH3)2 More toxic than As(III) both in vitro and in vivo; exposed humans excrete 60-80%  [37] 
  Dimethylarsine HAs(CH3)2   
  Trimethylarsine As(CH3)3   
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   As(V) 	   	   Predominates under aerobic conditions, and when water containing As(V) is imbibed by humans is 
probably transported by the phosphate transporter then rapidly reduced to As(III) on entering cells 
[37] 
	   	   Arsenate AsO4 or 
H2AsO4 
 	  
	   	   Monomethylarsonic 
Acid (MA) 
CH5AsO3 Less toxic than As(III) or As(V); most humans exposed excrete 10-20% but some populations differ [37] 
	   	   Dimethylarsenic 
Acid (DMA) 
HAsO2(CH3)2 Less toxic than As(III) or As(V). Widely used in herbicides; human exposure can occur during 
production and use of these herbicides, as well as ingestion of contaminated food. Most humans 
exposed excrete 60-80%  
[37] 
  Arsenobetaine (AB) Found in fish (full name trimethylarsonioacetate) [22] 
	   	   Dimethyl Arsine 
Peroxy Radical 
AsOO•(CH3)2  	  
  Trimethyl Arsine 
Oxide (TMAO) 
AsO(CH3)3   
Beryllium 
(Be) 
	   	   	   Cationic beryllium salts are hydrolysed in water and they form insoluble hydroxides or hydrated 
complexes at pH values between 5 and 8  
[39] 
	   Be(II)	   Beryllium hydroxide Be(OH)2 Used in the production of Be oxides, the pure metal, and copper alloys [39] 
  Beryllium oxide  BeO Often used in ceramics, structural materials in the aerospace and electronics industries, sports 
equipment and aircraft 
[39] 
Cadmium 
(Cd) 
	   	   	   Precipitation of Cd is unlikely to occur in neutral and acid soils except where very high 
concentrations of carbonate, sulphate or phosphates occur; precipitation carbonate, phosphate, 
sulphate and chloride forms have been reported in non-acidic conditions 
[101] 
	   	   	   	   Has a high affinity for –SH groups in mammalian and plant cells effecting protein structures, 
inducing oxidative stress, cell defence and other associated enzymatic activities and mechanisms 
[103] 
	   Cd(II) 	   	   Forms soluble salts and does not undergo redox cycling [96] 
	   	   Cadmium oxide Cd(II)O Transformed to cadmium oxide and inhaled when a cigarette is smoked [33] 
	   	   Cadmium dichloride CdCl2 At 0.05 Lethal Dose (LD)50 in rats, increases hepatic microsomal and mitochondriallipid 
peroxidation and hepatic DNA single-strand breaks, enhances urinary excretion of lipid 
metabolites, malondialdehyde, formaldehyde, acetaldehyde and acetone 
[96] 
	   	   Cadmium sulphide CdS Used in electroplating, pigment manufacture, stabilization of plastics, NiCd batteries currently, and 
potentially solar collectors in the future 
[19] 
	   	   Cadmium sulphate CdSO4 Has lower solubility and free Cd2+ activity applied to soils in this form than residual Cd 
concentrations in sludge amended soils; important for predicting short-term crop uptake or 
leachability of toxic metals 
[26] 
   CdCl Stays relatively mobile in soils due to the chloride ions higher affinity for Cd2+ than for absorbent 
surface in soils 
[101] 
    The chloride aerosol Cd species suggested to be more potent for mortality induced in animals than 
those particulate forms generated through smoking 
[111] 
   CdKNO3 Availability in soils is highly affected by soil pH, and specifically liming [51] 
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Chromium 
(Cr) 
	   	   	   Speciation is more important than the determination of total chromium in estimation of 
environmental impact and biological effects from exposure, though separation and pre-
concentration steps may be required in analyses 
[97, 112] 
	   Cr(0) 	   	   Oxidation states range from (-II) to (VI); states (III) and (VI) are the most common in nature. In the 
workplace exposure is predominant from cast irons, chrome plating, glassware-cleaning solutions, 
leather tanning, metal finishes, production of pigments, steel alloys, welding and wood treatment 
[33, 96, 
97] 
	   	   	   	   Under physiological conditions, Cr(III) are Cr(VI) are no longer considered to be thermodynamically 
stable  
[113] 
	   	   	   	   Fossil fuel combustion and steel production combustion is responsible for the ratio of atmospheric 
Cr being two thirds Cr(VI) and the other third Cr(III) 
[96] 
    Plants favour uptake of Cr(VI) due to its higher mobility in soils relative to Cr(III) [55] 
	   	   	   	   A concern for Cr containing sludge amendments is the up concentration then oxidation of relatively 
high Cr levels to chromate, particularly in high pH soils 
[26] 
 Cr(III)   Under physiological conditions, Cr(III) are Cr(VI) are no longer considered to be thermodynamically 
stable, with Cr(III) a reductive metabolite of Cr(VI). Cr(III) is considered to be essential in receptor 
binding of insulin in mammalian nutrition. Cr(III) ß-globin complexes are indispensable for regular 
metabolism. 
[28, 32, 
50, 97, 
113] 
	   	   	   	   In the cell ions are readily sequestered by distinct molecules, preventing non-specific binding to 
metabolically important structures and DNA; also does not express carcinogenicity due to the 
inability to pass through cell membrane transporters, but instead forms soluble salts divorced from 
redox cycling 
[96, 97, 
113] 
	   	   	   	   Accounts for 90% of total Cr extracted from cigarettes in solution; the ratio in ash was significantly 
lower- this could be due to oxidation after smoking (volatilization of Cr may occur at high 
temperature (Cr2O3 could not be fully extracted)  
[28] 
	   Cr (V) intermediary  ion Cr(V)(O2)43- Reactive oxygen species are produced from Cr(VI) capable of tissue damaging effects  [96] 
 Cr(VI)   Human exposure in the environment primarily through anthropogenic sources [97] 
	   	   	   	   IARC classification is due to exposure in certain occupational settings; the US EPA also lists 
airborne Cr(VI) as carcinogen due to associated risk of lung cancer, and though it is generally 
thought that all hexavalent Cr is carcinogenic, this is not the case for all Cr(VI)-containing 
compounds. 
[32, 50, 
97] 
    Efficiently detoxified after oral introduction through reduction by saliva and gastric juice, and 
sequestration by intestinal bacteria, or reduction in the epithelial-lining fluid, pulmonary alveolar 
macrophages, bronchial tree and peripheral lung parenchyma cells on inhalation (lung cancer can 
only be induced when dose overwhelms the defence mechanisms), and this is the case for only 
select Cr(VI) compounds 
[17, 97] 
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   The generally perceived carcinogenicity is manifested in genotoxicity, induction of gene mutations, 
sister chromatid exchanges, and chromosomal aberrations. The hydroxyl radicals can induce DNA-
damage (single strand breaks) potentially inducing cell transforming effects 
[33, 97] 
    Accounts for 10% of total Cr extracted from cigarettes in solution; the ratio in ash was significantly 
higher after smoking (though Cr2O3 could not be fully extracted) 
[28] 
  Chromate CrO42- The CrO42- ion is the dominant form of Cr(VI) in neutral aqueous solutions, can readily cross 
cellular membranes via non-specific anion carriers 
[96] 
    In most animal experiments, slightly soluble to highly insoluble CrO4, ZnCrO4 and sintered CaCrO4 
induced tumours when administered in non-solubilized particulate forms (ZnCrO4, with intermediate 
solubility expressed highest carcinogenicity) 
[97] 
  Sodium Dichromate Na2Cr2O7 Time-dependant increases in hepatic microsomal and mitochondrial lipid peroxidation and hepatic 
DNA single-strand breaks, as well as enhanced urinary excretion of the lipid metabolites, 
malondialdehyde, formaldehyde, acetaldehyde and acetone have resulted at 0.05 LD50 in rats 
[96] 
  Potassium 
Dichromate 
K2Cr2O4 Most soluble chromates were the least carcinogenic [96, 97] 
Cobalt (Co) 	   	   	   Occurs in four oxidation states; (0), (II) the most common, also (III) and (IV) [56] 
	   	   	   	   Depending on species, industrial applications include alloy and hard metal production, catalysts, 
diamond polishing, drying agents and pigments 
[56] 
	   Co(0) 	   	   Forms active oxygen that exhibit genotoxic activity [56] 
  Cobalt carbonyl Co2(CO)8 Complex exhibits high toxicity in human even at very low levels of intake [34, 40] 
	   Co(II) 	   	   Substitute Zn in protein-zinc finger domains (which control gene transcription) suggesting free 
radicals generation close to DNA, and associated damage. Also produce active oxygen species 
and inhibit DNA repair, causing genotoxicity 
[56] 
	   	   Cobalt dichloride CoCl2 Can form active oxygen species resulting in in vitro DNA damage in the presence of H2O2 
(chelators can alter this capacity) 
[56] 
	   	   Cobalt sulphide CoS 	   	  
	   Co(III) 	   	   	   	  
 Co(IV)     
Copper (Cu) Cu(I)	   	   	   Shows an extremely high affinity to various organic molecules; redox-activity can lead to the 
generation of oxygen radicals	   [57]	  
	   Cu(II) 	   	   Shows an extremely high affinity to various organic molecules, and a potent catalyst in Fenton 
reactions (radical are produced) which indicate increased and ‘functional’ Cu activity in smokers 
[33, 57] 
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Iron (Fe) 	   	   	   Inhalation of iron may be more hazardous than ingestion; Fe in heme of red meat is more readily 
absorbed than inorganic Fe due to the insolubility of Fe salts 
[60] 
 Fe(0)   Found in elemental metallic form in tobacco aerosol particulate  [2] 
  Iron carbonyl Fe(CO)5 Complex exhibits high toxicity in human even at very low levels of intake [40] 
	   Fe(II) 	   	   Ferrous ion is capable of redox cycling and is more efficiently absorbed than Fe(III); oxidation of 
Fe(II) to Fe(III) resulting in ROS formation is highly dependent upon pH of the media (at pH>7 lung 
cell cytotoxicity may proceed rapidly) 
[60] 
  Iron Sulphate FeSO4 Aspiration exposure injury has been reported; acute bronchial damage and early histological 
change in the biopsy specimens resulted 
[60] 
 Fe(III)   Ferric ion is a weak oxidant [60] 
 	     Forms insoluble hydroxides with limited bioavailability because of low solubility in oxygenated 
water and strong binding to soil particles 
[57] 
Lead (Pb) 	   	   	   Does not readily undergo valence changes; mechanisms enabling Pb to induce oxidative stress 
are not clear 
[35] 
   Tetraethyl Lead  (CH3CH2)4Pb Previously a common additive to petrol (use has decreased dramatically in developed countries [22] 
    In ancient Greece  it was used as a cosmetic to lighten the skin (white Pb; (PbCO3)2·Pb(OH)2)  
Mercury (Hg) 	   	   	   Not considered an essential trace element. Inorganic Hg is not absorbed by the human intestine. 
Organic Hg is known to be very toxic 
[40] 
 Hg(0)   Known in ancient Greece where it was used as a cosmetic to lighten the skin . In medicine it was 
mistakenly used as a cure for syphilis 
[22] 
	   	   	   	   Inhaled Hg(0) is oxidized in blood to Hg(II) and absorbed by erythrocytes. Reduction of Hg(II) salts 
by mercuric reductases to Hg(0) is thought to be a detoxification mechanism because volatile 
Hg(0) diffuses freely out of the cell 
[54] 
 Hg(I)   Biomethylation of mercuric salts by aquatic organisms, bioaccumulated by fish, was thought to be 
the origin of methylmercuric compounds ingestion poisoning, however these compounds have 
been utilised as fungicides on seeds subsequently fed to swine, then eaten by humans 
[21, 35] 
	   	   Methylmercury HgCH3 Most common and the most toxic environmental form of Hg. Algae and bacteria methylate Hg 
entering the waterways 
[35] 
    An organic compound converted from inorganic Hg, methyl-Hg is very stable and commonly 
accumulated in the food chain until the 1970s due to its use as a fungicide on seed grain. More 
recently, exposure is via consumption of fish, or dental amalgam. Poisoning has a latency 
sometimes in excess of 1 after acute exposure; symptoms relate to nervous system damage 
[22] 
 Hg(II)   3% to 6% of the organic Hg accumulated in a brain is converted to Hg2+, so mercury-induced 
oxidative damage is possible 
[35] 
  Mercury sulphide HgS As known as cinnabar (HgS), was used in pre-historic cave paintings for red colours [22] 
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Nickel (Ni) 	   	   	   Carcinogenicity activity strongly depends on solubility of Ni compounds; major routes of 
administration shown to produce tumours include inhalation. It was believed that only water-
insoluble Ni components of dusts (e.g., NiS3, NiO) were carcinogenic- more recent epidemiological 
data indicate aerosols of water-soluble Ni compounds are carcinogenic to human respiratory tract 
with a clear dose-related effect (e.g., Ni sulphate generated in nickel electro-refining plants). 
Tobacco smoking has been considered as a weak confounder. 
[69] 
	   Ni(0) 	   	   Produces relatively low, but measureable levels of ROS in cells compared to other redox-active 
metals 
[69] 
  Nickel tetracarbonyl Ni(CO)4 Carcinogenic, but reported not to be present in cigarette smoke as a metal carbonyl [32, 68] 
 Ni(II)   Formation of the Ni(III)/Ni(II) redox couple around pH 7.4 dictates oxidative effects which is only 
possible when Ni(II) is complexed by natural ligands (including peptides and proteins); however 
soluble Ni(II) was found to be non-carcinogenic 
[69] 
  Nickel dichloride NiCl2 Found to be a weaker carcinogens than NiS, NiO and Ni3S2 in animal experiments 
  Nickel acetate Ni(H3CO2)2 Found to be a weaker carcinogens than NiS, NiO and Ni3S2 in animal experiments [69] 
	   	   Nickel oxide NiO Low solubility/ higher carcinogenicity in animal experiments compared to the more Ni acetate, 
chloride or sulphate 
[69] 
  Nickel sulphide NiS Low solubility/ higher carcinogenicity in animal experiments [69] 
  Trinickel disulfide Ni3S2 Low solubility/ higher carcinogenicity in animal experiments [69] 
  Nickel sulphate NiSO4 Carcinogenicity in humans implicated from evidence in the Ni refining industry. Also found to have 
relatively high carcinogenicity in animal experiments, predicted by low solubility, compared to the 
more Ni acetate, chloride or sulphate. Tobacco smoking has been considered as a weak 
confounder 
[69] 
Tin (Sn) Sn(IV)   Organic compounds are more toxic than inorganic [26] 
  Tributyltin  More toxic than inorganic Sn species [26] 
Zinc (Zn) Zn (II)   A trace inorganic divalent cation, that causes cultured tobacco cells exposed to high concentrations 
to produce little phytochelatins and accumulate Zn principally in the vacuole 
[19] 
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2.6 Transference and translocation of metals from the environment to humans via tobacco 
 
As established above, tobacco plants take up and become contaminated by levels of toxic 
constituents from the environment during growth; some transferred to the plant from the soil 
through the root system, or physically soil deposited on the above-ground parts from agricultural 
practices and wind [49]. Anthropogenic activity is also important, via atmospheric precipitation as 
polluted rains, and can lead to the introduction of a range of unspecified toxins to the plant, though 
more directly, specific species applied to plants as pesticides such as As or Hg containing 
compounds, bromate and chlorinated or organic compounds, or fungicidal dithiocarbamates [83]. 
Therefore the threat of direct ingestion of contaminated soil may be significant; however the 
bioavailability of any particular element may differ greatly from that in mineral dusts etc., compared 
to its ultimate plant component form [114]. Over recent decades the number of components 
identified in tobacco and smoke has increased from about 1200 in 1968 to about 8400 in 2008, 
reflecting improvements in analytical techniques [17]. However the number of components is not 
the important factor compared with the toxicity of individual species and to this end it is most 
important to have the ability to model and predict their fates in physiology.  
 
2.6.1 Contamination of harvested material 
 
Harvested tobacco is seldom washed before drying and curing, and atmospheric dusts can 
contribute high concentrations of Cd and Pb in mineral form [24]. Sb, Br, As, Cd and Co (as Co-
carbonyl) contaminants have been found to be present in tobacco leaves, not only due to 
uptake from the soil increasing industrialisation and pollution or application of fertilizers and 
pesticides, but also from packing, storage and other domestic processes [34, 40]. 
 
Use of fumigant fungicides (or pesticide) in tobacco production representing a toxicological 
concern, specifically methyl bromide directly [83] and Cd in Zn-containing fungicides which 
persist into the manufacturing process [107]. 
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2.6.2 Manufacturing cigarettes 
 
From the field to the user, there is a continuous chain of events [14]. At the beginning this chain, 
a proportion of the total elemental concentration of metals may originate from the soil, and much 
from the manufacture and processing which may include addition of flavouring agents and 
preservatives [34, 40, 76, 89]. 
 
Of course, a cigarette contains more than just cured, processed tobacco (Figure 2); the filter 
and paper are also sources of trace and other elements [32]. Activated carbon filters may be 
able to trap several times more Pb than the more commonly used cellulose acetate filters for 
instance, whereas pure acetate filters trap more Fe [84]; however no filter has yet been 
demonstrated to remove the greater proportion of potentially harmful metals from the smoke 
although this is major aim of the manufacturers. 
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Figure 2. A tear-away diagram of some of the dimensions and components of a king-size 
cigarette. 
 
 
 
There also appears to be a trade-off in terms of economy, such as the situation in which a larger 
smoking population could access a popular brand at a cheaper price [40]; however it was more 
likely to negatively affect the smokers’ health than a relatively more expensive fine brand. 
Furthermore, counterfeit tobacco products often contain higher elemental metal concentrations 
than their genuine equivalents [79, 115]. 
 
The nature of the manufacturing processes, as well as the associated outcome of the smoking 
articles in terms of quality and properties as a delivery system for any toxins potentially 
contained within, may all have an impact on the species transferred or evolved during pyrolysis, 
and therefore the fate of those species in the consumer. 
 
2.6.3 Pyrolysis 
 
As with any scientific experiment requiring standard laboratory conditions (room temperature of 
25˚C for instance), when analyses on cigarettes are performed the ‘smoking protocols’ require 
the cigarettes to be kept within very specific humidity and temperature parameters.  
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Once lit, the burning zone of a cigarette is reported to be 900 ±50˚C, with sidestream smoke 
(SS) at temperatures of 400˚C dropping to below 100˚C 10cm above the tip, and the 
mainstream smoke (MS) at about 30˚C [50, 65, 84]. As the formation of the mainstream smoke 
occurs during a puff event, where-in more oxygen is being introduced through the burning tip by 
the action of the smoker inhaling, the chemical composition differs from that of sidestream 
smoke, and leaf components repeatedly destroyed and distilled down the cigarette rod allow for 
new compounds to be produced throughout [24].  
 
More details on the qualities and characteristics of smoke components can be found below 
(Table 6). 
 
 Metals in Tobacco Smoke   49 
2.6.4 Cigarette to ash 
 
Like the butt and filter, ash is not a desired or consumed product of smoking, but is relevant to 
the mass balance of metals. It has been observed that constituents in tobacco such as Ca, Cr, 
Fe and Sr are almost fully retained in ash, whereas Br, Co, Hg, Na, Sb, Se and Zn transfer in 
relatively high amounts [16] (Table 3). With regard to species, Cr(VI) has been observed in high 
concentrations relative to Cr(III); high temperatures during pyrolysis have been implicated in this 
oxidation [28]. 
 
2.6.5 Smoke 
 
The quality of raw materials (including additives, filter and paper), curing and manufacturing 
processes dictate the initial concentrations of chemical constituents in the cigarette as a 
product, however it is the design of the combustion and smoking environments, and smoking 
method that dictate the chemical constituents and concentrations within the smoke. The act of 
pyrolysis is not intended to achieve complete combustion [14].  
 
Al, Cd, Cr, Cu, Hg, Ni, Pb and Zn are toxic metals that have been detected in the filter, paper, 
tobacco and smoke of cigarettes [33]; the specific nature of the oxidation state or species are 
yet to be determined fully despite the importance of such data for accurate predictions of 
toxicological harm. 
 
Both SS released to the immediate environment between puffs, and MS inhaled by the 
consumer during a puff, differ qualitatively and quantitatively [95], and more specifically with 
regard to the metals and toxic substances released [24, 45]. 
 
Approximately 15% of the smoke inhaled and exhaled by the smoker is the mainstream 
component, the remaining 85% comprised of the sidestream which has smaller mean 
particulate diameter (a tenth of that of MS), being more persistent in air and more difficult to 
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expel from the lung [95]. Toxic metals have been detected in MS which are absorbed into the 
body of a smoker, damaging the organs [84]. This sidestream component often has higher 
concentrations of toxins than MS due to the abundance of small particles (pm<1) and lack of 
filtration [90]. Also included in the codification of cigarette smoke is the environmental tobacco 
smoke (ETS), also referred to as in terms of involuntary, passive and second-hand smoke, due 
to the fact it is MS and SS emitted to the environment and inhaled by others than the intended 
consumer [32, 95]. 
 
2.6.6 Particulate phase elements 
 
Besides codification for the pyrolysis components in terms of fate for recipients, other 
codifications exist for the physical components in terms of ‘condensate’ as the particulate 
phase, and the ‘vapour’ or gaseous phase. 
 
Little investigation of the vapour phase has been conducted, due to the difficulty of isolating 
these highly volatile gases from the remaining particulate during pyrolysis; analyses have 
historically focused on the condensate due to the relative ease of capture onto filters and other 
media. Cd, Cr, Ni, Pb, Th, Tl and U, which are known to be carcinogenic, especially 
synergistically in conjunction with known organic constituents of smoke (benzopyrene, nicotine 
and so on), have been reported to be inhaled into the bronchial system as part of smoke 
condensate [102].  
 
2.6.7 Smoke to tobacco 
 
As mentioned in the pyrolysis section (see section 2.6.3) constituents of tobacco smoke are 
distilled down the cigarette rod during smoking; these constituents include metallic compounds 
chemically and physically vaporised only to condensate onto the surface of unburned tobacco 
behind the burning tip which acts as a de facto filter [116], and therefore volatilised vapour 
phase metal compounds may also condense to the particulate phase as the mixture cools [65].  
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Table 6. Notes on some of the properties of smoke components. 
 
Component Comments Ref. 
From 
tobacco 
Elements transfer from tobacco to the smoke in differing concentration during pyrolysis, the 
smoke comprising of gaseous, vapour phase and the particulate/ condensate ("tar"). 
[32] 
	   Carcinogens have been discovered in both the vapour and condensate components of smoke. [40] 
	   Pyrolysis temperatures and volatility characteristics combined, dictate a low concentration of low 
vapour-pressure compounds (e.g. Methyl-Hg). 
[84] 
	   The majority of the metals in tobacco are transferred to the ash and cigarette butt, some to the 
total particulate and relatively low proportions in the MS  
[77] 
	   Tobacco Ca, Cr, Fe, and Sr is almost fully retained in the ash. [16] 
	   Relatively large proportions of Br, Co, Hg, Na, Sb, Se, Zn are transferred to smoke through 
volatilization. 
[16, 40] 
	   Tobacco Cd and Pb transfer relatively well to smoke. [32, 45, 
111] 
Gas (or 
vapour) 
phase 
Pyrolysis vaporization of metals accounts for the concentrations in smoke. [84] 
	   Volatile Hg and Ni compounds generated during pyrolysis transferred to vapour not collected by 
electrostatic traps or filters. 
[24, 102] 
	   Hg and Se which reside predominantly in the vapour phase, all other toxic metals are mostly 
retained in the particle phase. 
[66] 
	   Pb can form volatile compounds in the burning zone of the cigarette (eg. Tetramethyl-Pb and 
plumbane) which sorb and decompose in the filter. 
[46] 
	   Cd transfers poorly to the vapour phase (CdO is speculated to condense onto Cd rich 
particulates). 
[46]] 
Particulate/ 
Condensate 
Toxic heavy metals from tobacco reside in MS particulate (inhaled by the smoker), in SS 
(between puffs) and in the ash and butt. 
[77]] 
	   Relatively high concentrations of toxic agents and heavy metals can be found in the particulate 
phase of SS (inhaled by non-smokers/passive smoking). 
[32] 
	   Passive smokers experience deeper penetration of SS particulates (and consequent deposition) 
into the alveolar spaces of the lung compared to MS, as due to the smaller particle sizes in SS. 
[32] 
	   Very high rates of Cd transfer occur from unburned tobacco to the particulate phase of 
environmental tobacco smoke (ETS). 
[66] 
	   Smoke particulate can be collected for qualitative analysis using cooled solvent traps (containing 
organic solvents and dilute inorganic acids); quantitative analysis can be conducted the filters 
(Cambridge Filter Pads have been associated with unsatisfactory efficiency and high blanks) 
and electrostatic precipitation techniques 
[24, 46, 
102] 
 The Cd and Pb content in the particulate phase of MS, SS and ETS represent a high concern. [24] 
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2.6.8 Smoke to filter 
 
As already mentioned, filters do not trap all the potential toxins in cigarette smoke (see section 
2.6.2), only retaining a portion of the total elemental concentrations [32]. Factors such as 
polarity, structure and volatility of agents in the smoke dictate to what extent filter tips can 
reduce concentration of toxins that could be inhaled by the smoked [68]. Principally volatile 
substances pass through the filter to be absorbed by the consumer, whereas a fraction of the 
less volatile compounds are captured [24], however heavy metals are transferred largely to the 
filter with the remainder persisting in the smoke [102].  
 
Models based on experimental data predict the relatively high transference of Cd to MS, while 
Pb is retained relatively well in the filter [46]. Direct analysis has provided contrary evidence that 
while burning, Pb retention in the filter is lower than that of Cd [45]. It has been suggested that 
alterations to filter design could enhance this kind of selective removal of Cd from the vapour 
phase [68]. 
 
There may well be a trade-off, with regards to which element species are absorbed more 
readily, depending on the design and materials in a filter, and which phase of the smoke these 
agents are transferred to, depending on the stage of pyrolysis. 
 
2.6.9 Smoke to instruments 
 
The data are limited to that can be observed and quantified by the techniques available; 
classical methods rely on time-averaged concentration determinations which could be 
vulnerable to contamination and loss during sample preparation [116], and smoking 
experiments suffer loss of SS to the container or flaws in the seals no matter how apparently 
negligible [117]. 
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2.7 Potential health implications 
 
Smoking tobacco is a significant route of exposure to heavy metals in humans [31]; inorganic 
elements released by smoking may contribute to the alteration of metabolism and tumour growth 
[16], but it is unlikely that a single agent alone amongst the numerous carcinogens present in 
cigarette smoke is responsible for health impacts such as lung cancers [111]. More than 4,000 
agents have been found in smoke condensate; harmful compounds benzopyrene, carbon 
monoxide, H2S, nicotine, nitrosamines and NOx may act synergistically with inorganic and metallic 
cigarette smoke constituents that are already suspected to be carcinogenic or toxic even at very 
doses [24]. 
 
As previously discussed (see sections 2.6 & Table 6), smoke is not only inhaled by the smoker 
directly through the MS, but through the SS and ETS which are also inhaled by non-smokers [77]. 
Of these cigarette smokes types, SS contains the highest relative concentrations of harmful, 
carcinogenic and toxic agents [32]. Noxious agents present in tobacco smoke are enriched in 
some organs once inhaled [24].Combinations of agents may exhibit synergistic, antagonistic and 
neutralising interactions; eg. "If more zinc and iron got into the body by smoke, they would reduce 
the harmful health effects of cadmium and lead in active and passive smokers' organs" [84]. 
Below, some of the health effects associated with certain elements found in the components of 
smoke are discussed, as well as discussion on the mechanisms by which they may cause harm; 
specific associated risks of exposure are tabulated by element (Table 7). 
 
2.7.1 Reactive oxygen species 
 
A significant factor that determines the toxicity of an agent once in the body and cells is that of 
reduction-oxidation (redox) potential. Metallic elements take on the characteristics of Lewis 
acids as ions in living systems; with an available lowest unoccupied molecular orbital, a net 
positive charge allows for the species to accept and electron [20]. Oxidative tissue damage can 
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occur due to the production of reactive oxygen species (ROS) from a diverse range of 
environmental toxicants and heavy metals [96]. The smoke generated from pyrolysis of tobacco 
products can result in altered Ca and sulfhydryl homeostasis, altered NADPH redox status (cell 
energy cycle), increased DNA damage and increased lipid peroxidation [96]. Heavy metal ions 
such as Ag+, Hg2+ and Cu2+ and Pb2+ are reported to induce hemolysis and lipid peroxidation 
[35]. 
 
Redox processes are fundamental for biogeochemical elements such as Cr, Cu, Fe, Mo and Ni 
[118]; Fe redox processes are involved, amongst others in the spoilage of meat products and 
other foodstuffs. 
 
Fenton-like reactions also generate ROS in conjunction with redox active metals, also including 
Cu, Cr, Fe and V [119]. A simplification of the process published is displayed below [50]: 
 
M(X) + O2-• → M(X-1) + O2 
2O2- + 2H+ → H2O2 + O2 
M(X-1) + H2O → M(X) + OH• + OH- 
 
Free radicals generated by ROS in these redox reaction are generated by the metal 
constituents of tobacco smoke inhaled into the lung, which causes damage of these tissues 
[50]. 
 
2.7.2 Sidestream smoke and health 
 
The list of carcinogens identified in the vapour and condensate of tobacco smoke continues to 
increase [34], however SS has been consistently proven to contain more carcinogenic 
substances per unit mass of particulate material than MS [65, 66] although it is more dilute 
when inhaled. As an example, the majority of the Cd found in cigarettes is reported to pass into 
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the SS on pyrolysis, most of the Cd passes into sidestream smoke, putting passive smokers at 
risk [32]. 
 
2.7.3 Environmental tobacco smoke / Second Hand Smoke / Passive smoking and health 
  
It has been established that heavy metals pose a threat to the health of smokers due to 
inhalation of MS, and passive smokes from inhalation of SS [77], however ETS also represents 
important air pollutant source, being associated with an increased lung cancer risk  [90] being 
comprised of many toxic organic and inorganic substances associated with deleterious health 
effects for smokers and non-smokers exposed to it [65, 90, 117], and building on the previous 
example (see section 2.7.2), if the majority of Cd passes into SS, Landsberger et al. impress 
that 70% of this Cd resides in airborne ETS particles smaller than 2 microns (those that 
penetrate the deepest in the lung) [86]. 
 
2.7.4 Chronic exposure and accumulation 
 
Amongst other contributors such as ingestion of ground water contaminated by agricultural and 
industrial toxins, and the corrosion of dental and medical prostheses, inhalation of cigarette 
smoke represents a major source leading to the accumulation of heavy metals in humans [44]. 
Cd and Pb tend to accumulate in vital organs and have a biological half-life of up to 30 years; 
absorption through the gastro-intestinal tract being dependent on species and dose as well as 
age, combined with nutritional status and uptake and interaction of Ca, Mg, Fe, P and Zn [53]. 
Heavy metals introduced in this way can induce effects similar to radiation with regards to 
chromosomal aberrations and delayed cell death at concentration that produce no acute 
symptoms of toxicity [44], leading increase of undiagnosed health problems which may only 
manifest apparent symptoms [53]. This is of concern as carcinogenic effect develop, principally 
from chronic exposure [37]. 
 
Table 7. Health effects of some elements that are found in cigarette smoke 
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Element Note Ref. 
Antimony 
(Sb) 
ETS has been found to contain elevated levels. Chronic inhalation and 
accumulation in the lungs can result in bronchitis, pharyngitis, rhinitis, tracheitis, 
and ultimately emphysema and obstructive pulmonary disease. 
[50, 65] 
Arsenic 
(As) 
 
There are no significant differences in As levels in the kidney cortex, hair, liver and 
lungs of smokers compared with non-smokers; higher creatinine levels have been 
detected in the urine of children with parents that smoke. 
[32] 
	   ETS contains elevated levels and long term inhalation, even at low levels, presents 
respirable disease risk. 
[65] 
	   High dose exposure differs from low dose exposure with regard to genotoxicity, 
reactive species formation, signal pathway activation and gene expression of As 
compounds.  
[37] 
	   Acrocyanosis, carcinogenicity, hepatotoxicity and neurotoxicity can result from 
chronic exposure to inorganic As compounds. 
[50] 
	   As exposure represents a threat to human health. Inorganic As specifically is 
acutely toxic; intake of large quantities results in gastrointestinal symptoms, 
disturbance to cardiovascular and central nervous systems, even death. Bone 
marrow depression, haemolysis, hepatomegaly, melanosis, polyneuropathy and 
encephalopathy have also been linked.  
[22] 
Beryllium 
(Be) 
Respiratory diseases such as acute chemical pneumonitis, chronic beryllium 
disease (CBD) and cancer have been related to environmental and occupational 
exposure. 
[39] 
Cadmium 
(Cd) 
Cd inhibits photosynthesis in plants and is mutagenic and toxic in animals and 
humans. In plants, accumulation correlates with phytochelatin deficiency (a 
fungi/plant toxic response). 
[50, 57, 
93, 120] 
	   The main exposure routes are dietary (i.e. ingestion) and respiratory (inhalation), 
involving consumption of Cd containing plant material. Depending on the chemical 
form, MS smoke represents a major source of Cd and a health hazard to smokers. 
[22, 57, 
93, 121, 
122] 
	   Unburned tobacco has a particularly high transfer rate to the particulate phase of 
ETS (70% to particle diameters <1.8 pm), which penetrates deepest in the lung. 
[[66, 86] 
	   For inhalation, the lethal dose for humans has been determined at 2600 mg Cd m-3 
min-1 (a dose only likely to be experienced as occupational exposure). Emphysema 
and bronchitis has been associated with inhalation of Cd fumes, oxides and salts. 
[65, 120] 
	   Due to the h gh toxicity of Cd smoking potenti lly represents an epidemiological 
risk even at relatively low levels of exposure. 
[22, 32, 
45, 92] 
	   Therapies exist that reduce Cd burdens in humans, but no treatments exist that 
completely purge the element from the body. 
[19, 52] 
	   A potentially toxic Cd dosage for a smoker could come from an average daily 
consumption of 1gram (especially in the European diet); exacerbated due to the 
poor excretion rate observed in humans (0.005% of the body burden). 
[19, 35, 
48, 123, 
124] 
	   Due to the potential harm posed by Cd, Germany and Australia have set limits of 
0.1 and 0.05 mg kg-1 f.w. in crops.  
[48, 85] 
	   In non-occupationally exposed persons, tobacco smokers may receive twice the 
lifetime body burden compared to non-smokers. 
[52, 85] 
	   Levels in urine, the kidneys, liver and prostate of smokers are higher in smokers 
than non-smokers. 
[32, 77] 
	   Stimulation of metallothionein synthesis, a response that reduces availability of 
metals for intestinal absorption by binding to them to proteins, on inhalation of Cd 
in cigarette smoke is suggested. 
[32] 
	   About 90% of inhaled Cd is absorbed, compared to about 5% of that which is 
ingested. Once in the body the binding protein metallothionein (MT) is thought to 
detoxicate Cd so that it does not undergo metabolic degradation, however this 
process significantly reduces the potential for excretion affecting cellular defence 
systems and thiol status. This bound form is still toxic when found at high 
concentrations in the organs. 
[32, 52, 
95] 
	   The xpression of MT on increased blood Cd level incre s s risk of 
carcinoge esis, as these proteins also bind Zn (an essential n trient). In this way 
Zn is also accumulates in the kidney cortex with increasing age. 
[33, 61, 
125] 
	   Gastrointesti al absorptio  and subsequ nt tissue d position is influenced by the 
Cd species in ingested plant materials; subsequent bioavailability in humans can 
be influenced by Ca, Cu, Fe, Se, ascorbic acid, pyridoxine and various 
concentrations and types of protein, going some way to protect against the 
negative effects of Cd on nutrient balance and cellular enzymes. 
[19, 35] 
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   Cd interferes with Zn-mediated metabolic processes producing toxic effects as both 
elements favour similar bioligands. In this way Cd also mimics similar divalent 
cations (Ca2+,Mg2+ etc.) interfering with the metabolism of these essential 
elements. 
[52, 53, 
120, 
126] 
	   The WHO/FAO (Food and Agriculture Organisation) established provisional 
tolerable weekly intake (PTWI) limits of 400-500 µg (or 60/70µg day-1); due to the 
major contribution of tobacco smoke in combination with dietary intake. `smokers 
may exceed this limit. 
[48, 127] 
	   Cd is persistent in the environment, and in the human body (especially the lungs 
and kidneys) it has a biological half-life of about 25 years (ranging 10 to 40 years, 
depending on age). 
[[19, 24, 
35, 124, 
125] 
	   Cd is carcinogenic but does not induce lipid peroxidation or produce ROS (which 
damage DNA) from Fenton-type chemical reactions like other heavy metal(loid)s, 
though does create oxidative stress which can indirectly activate aberrant genes, 
altered DNA repair, create tumours, damage DNA and suppressed apoptosis. 
[35, 52] 
	   Th  blood cadmium levels of smokers are 4-5 times that of non-smokers (ETS still 
potentially contributing to total cadmium body burden in non-smokers), and 2-4 fold 
that in the lungs and kidneys. 
[22, 24, 
124] 
	   Cd accumulates in the brain, kidneys, liver, lung, kidneys and testes, resulting in 
alterations in central nervous system neurochemistry, carcinogenesis, 
hepatotoxicity and oncogenicity (in the hematopoietic system, lung, prostate and 
testes). 
[33, 96, 
122] 
	   Accumulation correlates with age up to the age of about 50; decreases in the 
kidney cortex beyond this point are related to alterations in diet and smoking 
habits, or kidney degeneration. 
[61, 125] 
	   Due to lower Fe stores and therefore increased intestinal absorption, as well as 
lower energy consumption rates, the concentration of Cd in women is higher than 
that in men. 
[22, 124, 
128] 
	   Cd affects estrogen, however humans may not experience these effects as 
smoking protects against estrogen-dependent endometrial cancer.  Interactions of 
other agents present in smoke in this phenomenon could neutralise these effects, 
demonstrating that Cd toxicity is not straightforward. 
[127] 
	   Evidence for a placental Cd barrier has been reported, however so have 
correlations between low birth weight in infants and increases in the Cd 
concentration of milk from lactating mothers correlated with increased cigarette 
consumption. 
[19, 32] 
	   Evidence suggests a non-steroidal estrogen potency of Cd in vivo, as an endocrine 
disrupter. Effects on male reproductive capacity, as well as increased breast 
cancer risk, have been associated with xeno- and phyto-estrogen with in utero or 
perinatal exposure. 
[127, 
129] 
	   Cadmium exposure (from above background ingestion to chronically exposed of 
workers to Cd dust and fumes)  in general is related to development of conditions 
from slight anaemia and anosmia to both benign and malignant chronic disease; 
these include cataracts, formation of calcium renal stones, cardiovascular 
pathologies (hypertension), gastrointestinal and metabolic problems (Fanconi 
Syndrome, disruption of Ca, P  and vitamin D metabolism), lung disturbances and 
respiratory insufficiency (emphysema, obstructive lung disease, pulmonary 
fibrosis), nephrotoxicity, osteomalacia and debilitating osteoporosis (combination of 
which is called itai itai (ouch-ouch) disease), oncogenesis (through aberrant gene 
activation, suppressed apoptosis, altered DNA mismatch repair (MMR) or gene 
repair) and cancer (breast, colorectal, kidney, lung, prostate). 
[32, 33, 
50, 52, 
95, 120, 
130] 
	   With regard to Cd exposure through cigarette smoking (complex mixtures of 
cadmium and other carcinogens through inhalation of tobacco smoke) , possible 
relationships have been reported for increased tissue Cd levels, cardiovascular 
diseases,  gastroenteritis, hypertension, osteoporosis (decreased estrogen levels 
leading to fractures and early tooth loss in smoking women), pulmonary 
emphysema, renal tubular dysfunction, organ-specific carcinogenesis and 
aggressive prostate oncogenesis. 
[19, 52, 
130] 
Chromium 
(Cr) 
Ubiquitous in the environment, occurring naturally in soils, rocks and living 
organisms (required for carbohydrate metabolism in humans).  Hexavalent 
chromium from fossil fuel combustion and steel production accounts for two thirds 
of the Cr found in air, the remainder is in trivalent form. 
[96, 97, 
131] 
	   Supplements containing Cr have been shown to improve variables in glucose 
intolerance, type 2 and gestational diabetes. 
[96] 
	   Cr accumulates well in lung tissue with increasing age (and without decreasing 
after smoking cessation) where it can impair function (emphysema, pharyngitis, 
rhinitis and ulceration) and promote carcinogenesis. In the skin, allergic dermatitis 
has been reported. 
[32, 33, 
50] 
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Cobalt (Co) Co is an essential nutrient component co-factor in vitamin B-12; diet is the main 
route of exposure for humans. In occupation exposure, inhalation and skin contact 
to cobalt can result in result in impacts on hemapoietic tissues, the respiratory tract, 
skin and thyroid gland. There is some evidence for potential generation of 
malformation of foetuses in pregnant women and carcinogenic effects in humans. 
[56] 
Iron (Fe) There is evidence for the carcinogenicity from inhalation of Fe dust 
(asbestos/silica), as well as for Fe-compounds being vectors for other carcinogens 
(PAHs, Ni, Cr etc.) Inhalation of Fe could be more cytotoxic to humans, as Fe2+ 
oxidises readily in pH <7 environments such as the lung, creating ROS. Iron 
overload plays a role in hepatic carcinogenesis, which is already associated with 
tobacco consumption. 
[60] 
	   Pb body burden can be indicated by depression in the enyzme 5-aminolevulinic 
acid dehydratase; cigarette consumption depresses this enzyme. 
[32] 
Lead (Pb) The intake of Pb for the UK population has fallen well below the WHO PTWI limit 
due to measures taken to reduce contamination of the environment (replacement 
of leaded petrol), however the metal is still a hazard to human health even at 
relatively low levels (effecting the blood cells, the brain, kidneys and nervous 
system). 
[22, 45, 
62, 63, 
132] 
	   Several countries have set workplace limits of 40-50µg dl-1 (usu lly 4-5 times the 
limit for children). Studies have found a correlation between Pb burden and vehicle 
density near the home for children. 
[53, 63] 
	   In addition to the concentrations still found in many workplace environments, levels 
still remain unacceptably high in chemicals present in complex mixtures of air 
pollution and cigarette smoke. Smoking has been found to increase the blood-Pb 
where other dietary and environmental factors did not. 
[32, 63] 
	   Pb can persist in the blood for about  month an  is excreted slowly through the 
urine, however this slow rate allows for accumulation in the bones (where it takes 
20-30 years to eliminate). Higher gastrointestinal uptake and blood-brain 
permeability rate make children especially at risk of Pb exposure and brain 
damage. In adults, gastrointestinal dysfunction, hypertension, reproductive 
impairment and peripheral arterial diseases can be potential health effects. 
[22, 33, 
50] 
	   Acute poisoning presents with abdominal pain, headache, irritability, and nervous 
system toxicity (Pb encephalopathy). 
[22] 
	   Evidence for lead carcinogenicity is very weak, but may express as lung and 
stomach cancer as well as gliomas. Pb oncogenicity manifests through respiratory 
and renal tumours through exposure concentrations lower than those exhibiting 
nephrotoxicity. 
[22, 63] 
	   Pb increases hydrogen peroxide production in human cells, leading to oxidative 
chromosomal DNA damage chromosomal (not genotoxic). 
[63] 
Manganese 
(Mn) 
An essential element in humans found in food, as well as a potent neurotoxin that 
has been associated with Parkinson-like disease. However Parkinson Disease is 
inversely correlated with smoking, and there have previously been no correlations 
found between blood-Mn levels and smoking habits. 
[32, 33] 
Mercury 
(Hg) 
The element is a threat to human health, but smoking is only a minor source 
exposure in humans. In fact smoking has not been found to alter the Hg levels in 
blood, hair, kidney cortex, liver, lungs, nor influence levels in maternal and cord 
blood; Hg was found to induce sister chromatid exchange (SCE) which is an 
indicator of DNA MMR. 
[22, 32, 
33] 
	   Hg is not partitioned into the particulate phase of smoke, only the gas phase. [66] 
	   Lung damage is a potential symptom of acute exposure. Neurological and 
psychological symptoms (anxiety, depression, personality changes, restlessness, 
sleep disturbance and tremors are chronic exposure symptoms that are reversible 
after smoking cessation. 
[22] 
	   Mercury compound toxicity can present toxicological characteristics including 
gastrointestinal, nephro- and neural toxicity, haemorrhages and ulcers. 
[50] 
Nickel (Ni) The Ni content of SS may be sufficient to health of smokers and passive smokers. [121] 
	   High levels of carbon monoxide in tobacco smoke, in combination with Ni content 
can allow for synthesis of the toxic and potentially carcinogenic compound Ni-
carbonyl compound.   
[32] 
	   Some Ni compounds have been found to be mutagenic (induce sister chromatid 
exchanges) in the respiratory tract. Cardiovascular and kidney diseases and lung 
fibrosis are potential effects of long term chronic exposure. 
[33, 69] 
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Polonium 
(Po) 
Po in tobacco is a source of carcinogenic ionizing radiation; it has been found in 
higher concentrations in bodily tissues and fluids of smokers than in non-smokers 
that strongly implicate Po in smoking related carcinogenesis. Po-210 contributes to 
radon-emitted alpha radioactivity in indoor environments by adhering to dust, 
settling on clothing and surfaces. 
[32] 
Selenium 
(Se) 
Selenium is described as an anti-carcinogen element in animals possibly humans. [70, 132] 
	   By comparing the sum of elemental mass before and after smoking, it was found 
that most toxic metals were conserved in the particle phase. Mercury and selenium 
are the exception. It is believed that these elements are released into the gas 
phase of cigarette smoke, which we do not analyse in this study. 
[66] 
	   Se levels are low r in th  blood and serum of smokers than in non-smokers, also 
the developing foetus of a maternal smoker may experience deleterious health 
effects through altered selenium metabolism. 
[32, 33] 
Tin (Sn) The element is relatively non-toxic, though organo-Sn compounds (such as 
Tetrabutyl-Sn) are much more toxic than inorganic forms. 
[26] 
Vanadium 
 (V) 
Correlations have been found in the UK for V in air pollution and incidence of 
respiratory disease (bronchitis, pneumonia and lung cancer). 
[99] 
 Soluble V absorbs in the lung well; once in the body it exhibits insulin-like effect on 
animals and humans. Acute toxicity can present as irritation of the eyes and the 
upper respiratory tract, with neurobehavioral impairments suspected in chronic 
exposure. 
[33] 
 
 
 
2.8 Instruments and analyses 
 
There is variation in the ways in which analyses are conducted and reported, and depending on 
the perspective and intended recipient audience of the result, communication of the concentrations 
or dose potentially delivered from tobacco, a cigarette or smoke can be reported in terms of 
relative abundance and concentration, often done by country or origin or manufacture, sometimes 
by brand or producer, and occasionally within a pack or down the length of a single cigarette. 
 
The way in which the sample is analysed also provides opportunities as well as difficulties; acid 
digestions can produce high resolution but destroy the sample and potentially alter the state of the 
species, direct measurement without destructive sample preparation can lead to lack of sensitivity 
or sample matrix interference. 
 
This section deals with a selection of methods that can be applied to determine the total elemental 
concentration and species concentrations in samples, and some examples and criticisms of the 
techniques (Table 8). 
 
2.8.1 Direct Sample Introduction 
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Inductively-coupled plasma mass spectrometry (ICPMS) involves presenting a highly ionised 
sample to a sensitive detector. However, introduction of gaseous samples containing 
approximately 80% air (desirable to maintain verisimilitude with smoking behaviour) results in a 
mixed-gas plasma which differs from standard conditions in ways that can reduce precision and 
accuracy, or even extinguish the plasma torch [116]. 
 
Puff-by-puff, direct sample introduction of smoke into ICPMS has been performed with relatively 
good success and negligible alteration of the plasma, however a problem with quantification 
arises because calibration with standard aerosols is based on a very different matrix from 
tobacco smoke [116]. The method offers the possibility of real time puff-by-puff analysis of 
metals but hitherto it has not been achieved on a fully quantitative basis. This technique is also 
limited to determination of total elemental concentration only. 
 
2.8.2 Trace element speciation 
 
There are very few instruments that have the ability to perform trace element speciation without 
sample destruction or alteration, except for national and international co-operative ventures 
such as synchrotron facilities. 
 
Synchrotrons provide the opportunity to perform qualitative and quantitative X-ray Absorption 
Near-Edge Spectrometry (XANES) and Extended X-Ray Absorption Fine Structure (eXAFS) 
analyses using ultra-bright, highly tuneable light sources to determine analytes within a sample 
without sample augmentation. This kind of analysis requires the analyte to have at least one 
organic-metal bond, and the sample matrix to be stable enough to be transported to the facility, 
and positioned in the beam line without altering during the data capture. However analyses of 
these toxic species in complex samples, with relevance to biochemogenic environmental routes 
in biological sciences, is becoming increasingly important [133]. 
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2.9 Summary 
 
This review of the literature on metals in tobacco spans cultivation to smoking. The origin and 
importance of the toxicological constituents, and their potential fate within the human body have 
been outlined, although not all elements will be explored further. For example, despite its 
importance in smoking toxicity Cd has not been subject to detailed speciation analysis by 
synchrotron because the strong Cd K emission lines lie at energies too high to excite using 
standard beamline conditions and the lower energy L lines would be too weak for samples 
containing low- or sub-ppm concentrations. Thus the focus of the analytical work presented in this 
study is on primarily on As with some investigation of Cr, both being important and multivalent 
elements in their natural occurrence.  
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Table 8. Review of some instrumentation and techniques used for trace element analysis of plant materials. 
 
METHOD COMMENT REF 
Non-destructive techniques  
 INAA Instrumental neutron activation analysis:  A sensitive and versatile method for multi-elemental analysis 
(not speciation) including biological matrices such as cigarette components; however elements such as Cd 
and Pb do not have easily measurable isotopes, and the high instrumentation costs make the technique 
unattractive for routine analyses.  
[16, 29, 
91] 
 X-ray spectroscopy Various techniques detailed below to record information on concentration and species within biological 
samples that contain sufficient concentrations in situ. Solid samples are generally used. 
[134] 
 ED XRF Energy dispersive x-ray fluorescence: Rapid, reproducible, sensitive, versatile and relatively cheap (when 
using radioisotope instead of X-ray tubes) and requiring little sample preparation, but may not always be 
sufficiently sensitive for trace analysis in biological samples. 
[34, 76, 
91] 
  Cellulose matrix interference (which dominate absorption correction, background and scatter) may be a 
major problem in plant samples (such as tobacco leaf) unless polarized X-ray sources are used 
[76] 
 EXAFS Extended x-ray absorption fine structure: Provides data on the immediate chemical environment around 
a target element (inter-atomic distances, indicating which atoms are bound to the target element) for 
comparison with reference standard compounds. The technique does not require separation or pre-
concentration of analyte species, and can be conducted without alteration of the sample (a development 
over species extraction and/or chromatography). Synchrotron radiation (SR - bright, high energy, tuneable 
X-ray light sources) is required for this and similar techniques, and beam-time is currently relatively 
exclusive and highly expensive compared to laboratory based instruments. 
[134, 135] 
 SR-µCT Synchrotron radiation x-ray computed micro-tomography: determine the variation in elemental 
concentration along three dimensions, permitting observation of the internal structure or composition of a 
specimen without sample preparation or need to produce thin-sections (thus avoiding alteration of species 
composition or generation of artefacts. The technique does however require beam-time at an SR facility, and 
is therefore currently not ideal for routine analyses. 
[135] 
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 XANES X-ray absorption near edge structure:  An in situ solid phase analysis technique that can be used to 
produce some qualitative and quantitative chemical state information from target elements in plant materials. 
Requires beam-time at an SR facility, and is therefore currently not ideal for routine analyses. 
[134, 135] 
Destructive techniques   
      Acid digestion  Organic samples are digested using acids in order to bring the analyte into solution (sometimes called 
extraction depending on technique and level of analysis), usually with some reaction acceleration (i.e. 
temperature/ microwave). Severe acids such as hydrogen fluoride (HF) are necessary to dissolve silicates 
(usually in bulk concentration analyses). Limits of quantification (LOQ) can be very low; however some 
escape of volatile elements and compounds can occur from high temperatures acid digestion in open 
vessels (loss of analyte). 
[24, 136] 
  Digestion and extraction techniques can involve several steps; usually starting with dilute acid digestion 
followed by serial extraction with solvent, alkali, enzyme, organic complexation. 
[28] 
  Ideal digestion would involve total dissolution of a sample, complete extraction into the aqueous phase, with 
minimum addition of acids and solvents, in a short timescale and without alteration of the redox conditions or 
species of the analytes. 
[29] 
 AAS Atomic absorption spectrometry:  A chemical flame technique for determination of bulk concentration 
(some speciation capacity with coupled techniques), that suffers from low sensitivity for trace analysis in 
biological sample. 
[91] 
 CPE Cloud point extraction:  A technique developed to separated and pre-concentrate trace metal ions; 
advantage include high efficiency, lower toxicity and simplicity however it has not been widely adopted in 
trace elemental analyses of plant sample. 
[28] 
 ETAAS Electrothermal atomic absorption spectrometry:  Has been applied successfully in determining a range 
of elements in many components of cigarette before and after smoking. 
[29] 
 ICPAES Inductively coupled plasma atomic emission spectrometry:  A non-chemical flame technique with good 
sensitivity for bulk elemental analysis, but with limited capacity for speciation and high running costs. 
[91, 137] 
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 ICPMS Inductively coupled plasma mass spectrometry:  A technique with excellent sensitivity for rapid multi-
elemental quantification. Complex artefact or saline matrices can affect the LOQ and produce interferences 
that can affect data quality, therefore complex extraction and digestion procedures may be required before 
analysis. Often combined with other instruments to produce hyphenated techniques (e.g. HPLC-ICPMS) for 
speciation analyses. 
The technique has been applied to 'puff-by-puff', direct introduction of cigarette smoke for several toxic 
elements, though mixed-gas can disrupt the plasma and reduce sensitivity and confidence in the data 
(reference gases will lack verisimilitude to complex gas-smoke mixtures). 
[91, 116, 
137] 
 
 
[116] 
 
 HPLC-ICPMS High performance liquid chromatography inductively coupled plasma mass spectrometry: A 
technique for qualitative and quantitative speciation that is robust and sensitive for aqueous samples of 
digested and extracted and biological samples. Chromatography, high resolution mass analysers and 
reaction/collision cell technology have been developed to tackle spectral interferences, though 
chromatographic comparison is heavily dependent on reference standards (for retention time matching) as 
no structural information is generated (as with X-ray techniques) restricting the identification of novel 
compounds 
[134] 
 HT-GC-ICPMS High temperature gas chromatography inductively coupled plasma mass spectrometry:  Has been 
used to analyse organometallic compounds in crude oil, but is not widely adopted for trace or speciation 
analysis in plant sample. 
[133] 
 
 
RPIP-HPLC 
 
Reversed-phase ion-pair chromatography high performance liquid chromatography:  An efficient and 
rapid separation method for qualitative species analyses in complex biological matrices with versatility 
elution conditions compared to ion-exchange chromatographic techniques. 
[113] 
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3  Compound Speciation by Coupled 
HPLC-ICPMS 
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3.1 Background 
 
This study focuses on arsenic, one of the four heavy metals currently proposed for regulation [2] 
and addresses the variability in chemical speciation of arsenic in 14 tobacco products sampled 
from a wide range of geographical localities and As levels. Studies of the risks associated with 
dietary exposure to arsenic tend to emphasise two aspects of its speciation, namely the 
chemical species (primarily whether present as organic and/or inorganic compounds) and 
oxidation state (whether mainly As(III) or (As(V)). There is now a large body of evidence that 
implicates inorganic As(III) species in human toxicity associated with exposure to arsenic in the 
gastrointestinal tract, however the risks of exposure to the different arsenic species during 
inhalation are less well characterised [138, 139]. Nevertheless long-term, low-dose exposure to 
inorganic arsenic by whichever pathway is implicated in increased mutagenesis [138] and 
habitual smoking may be an example of such exposure. The fraction of total arsenic released 
into smoke during tobacco combustion is in the range 9-16% [78] suggesting that 100s ng As 
could be transferred per cigarette although measured quantities in machine smoking using low 
arsenic products indicate the transference of just a few ng per cigarette [80, 81].  
 
A method for characterising arsenic species in tobacco using HPLC-ICPMS was recently 
published [8, 9]. These authors focused on method development and produced results for As 
speciation in the US Reference Cigarette 3R4F. They extracted tobacco from 3R4F and found 
that 89% of the total water-soluble arsenic is inorganic, dominantly in the As(V) oxidation state 
with indications of minor quantities of organic species including dimethylarsinic acid (DMA) and 
monomethylarsonic acid (MA). These studies also investigated the speciation of arsenic in 
smoke condensate using both HPLC-ICPMS and XANES although speciation results were less 
clear due to very low levels of arsenic compounds in the condensate. A key question is whether 
these results for US Reference Cigarette 3R4F can be extrapolated to global cigarette tobaccos 
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and we address this question using tobaccos chosen to represent the typical range of arsenic 
concentrations sampled from a range of global localities and analysed using a similar HPLC-
ICPMS methodology. Another aim is to test whether any predicable relationships exist among 
the arsenic species that could contribute to risk assessment on a global scale.  
 
3.2 Methods 
 
3.2.1 Samples 
 
14 tobacco samples were selected for study including certified reference materials (CRMs), 
authentic commercial US, UK and Chinese cigarette brands, and counterfeit cigarettes 
seized by UK Customs chosen as they were known to be rich in As ([79]. These samples and 
their geographical (where known) and concentration ranges are shown in Table 3.1.  
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3.2.2 Quality control and assurance  
 
CTA-OTL-1 and CTA-VTL-2 are certified reference materials for trace elements in Oriental 
and Virginia tobacco leaves and their As values are given in Table 1 [30, 140, 141]. 
GBW08514 and GBW08515 are Chinese tobacco reference standards for elements but not 
including As. 1R4F and 1R5F are reference standards typical of US low tar (1R4F) and US 
ultra-low tar (1R5F) cigarettes [142], produced for smoking experiments and do not have 
certified total As values. No certified reference materials for As speciation in plant materials 
had been formally validated at the time the analyses were conducted. 
 
 
Table 3.1. Cigarette reference materials (CRMs) and samples selected for As species 
determination with corresponding sample codes and comments on origins. Certified values for 
the CTA standards [140, 141], others are information values determined for this study by X-ray 
fluorescence spectrometry [30]. 
 
SAMPLE RATIONALE FOR SELECTION As(mg kg-1) 
REFERENCE MATERIALS 
 
 
CTA OTL-1 Bulgarian Oriental tobacco certified standard 0.539±0.060 
 
CTA VTL-2 Bulgarian Virginia tobacco certified standard 0.969±0.062 
 
1R4F 
Research Cigarette typical of US low tar 
blends  
0.4 
 
1R5F 
Research Cigarette typical of US ultra-low tar 
blends  
0.8 
 
GBW08514 Chinese tobacco standard 1.2 
 
GBW08515 Chinese tobacco standard 0.6 
 
  
 COMMERCIAL BRANDS  
 
 
B-1  Major US brand 0.7 
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B-2  Major UK brand 0.5 
 
B-3  Major UK brand 0.5 
 
B-4  Major UK brand 0.1 
 
B-5  Major Chinese brand 0.9 
 
  
 ILLICIT (COUNTERFEIT) PRODUCTS 
 
 
B-6  Unusually high arsenic  3.4 
 
B-7 Unusually high arsenic  3.3 
  B-8  Higher than normal arsenic  1.8 
 
For total elemental concentration, species extraction and species extract total elemental 
concentration analyses, blanks and a single sample were analysed in triplicate, and the 
CRMs were analysed in duplicate. A standard mix of As(III), As(V) dimethylarsinic acid 
(DMA) and monomethylarsonic acid (MA) in concentrations of 5 µg l-1 was prepared for 
calibration of the elution sequence. 
 
3.2.3 Elemental and extract arsenic concentrations 
 
Sample preparation was a modification of an established procedure [143]. Sample (0.250 g) 
was weighed into Teflon vessels (DAP-80s, Berghof GmbH, DE), with 10.0 ml nitric acid 
(70% v/v) and the reaction accelerated in a pressure- and heat-controlled microwave 
digestion system (Speedwave MWS-3+, Berghof, DE) programmed to ramp temperature 
from 120 to 170 ˚C over a 55-min cycle, pressure limited to 30 bar. Samples were then 
diluted to 0.250 l (a total dilution factor of 1000) with double de-ionised water (Q-gard 1 
Gradient A10, Millipore, FR). An aliquot of 5.0 ml of the sample was pipetted into disposable 
ICP-MS vials together with 5.0 ml of a standard solution containing 25 µg l-1 germanium 
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(Ge), 5 µg l-1 indium (In) and 50 µg l-1 rhenium (Re) ICP-MS single element standards, 
Inorganic Ventures Inc., US). Analysis was performed using an ICP-MS (X-Series 2, Thermo 
Scientific Corp., UK) quadrupole mass spectrometer with collision cell technology using 
kinetic energy discrimination (CCTED) to determine As (75 m/z), Ge (72 m/z), In (115 m/z) 
and Re (185 m/z). 
 
Extract sample preparation involved centrifuging samples and a 5.0 ml aliquot was pipetted 
together with 5.0 ml of a standard solution containing 25 µg l-1 Ge, 5 µg l-1 In and 50 µg l-1 
Re into disposable ICP-MS vials for the analysis.  
 
3.2.4 Arsenic species concentrations 
 
Species extraction sample preparation involved weighing 0.200 g of sample for digestion 
over 24 hours in 10.0 ml nitric acid (1% v/v) in 50.0-ml centrifuge tubes (a dilution factor of 
50). A microwave reaction accelerator system (MARS CEM, Matthews Inc., US) was utilised, 
programmed to ramp temperature from 55 to 95 ˚C over a 65-min cycle [144].  Samples were 
then frozen to limit the transformation between species, and defrosted 24 h before analysis to 
allow the sample to reach room temperature. Samples were centrifuged at 15 kG for 10 min, 
and 0.50 ml of supernatant was pipetted into HPLC-ICP-MS vials with 0.050 ml hydrogen 
peroxide (H2O2) for the analysis. Analysis was performed using HPLC (Agilent 1100 series, 
Agilent Technologies Inc., DE) fitted with an anion-exchange column (250 by 4.6 mm PRP-
X100 10 µm, Hamilton Company, CH & US) [144]) with a pH 6.2 balanced ammonium nitrate 
(NH4NO3)/ammonium di-hydrogen-phosphate (NH4H2PO4) buffer solution, that was 
connected post-column to an ICP-MS (Agilent 7500) [145] via a Teflon t-piece, directly to the 
nebulizer to determine As, Rh (103 m/z) and Se (77 & 82 m/z). 
 
Terminology and definitions for chemical species follow established terminology [5, 134]. 
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3.2.5 Data analysis 
 
Statistical tests were performed in Minitab 14 (Minitab Inc., US).  All data were tested for 
normality using the Anderson-Darling method. Data that did not conform were transformed 
with power 10, natural and natural gamma logarithms, square root, sine (angle in radians) or, 
if necessary, Box-Cox. Data were then tested for correlations and relationships using the 
Pearson test, and linear regression analysis. 
 
3.3 Results  
 
3.3.1 Reference standards and quality control  
 
Analytical recoveries for total As in the Certified Reference Materials CTA-OTL-1 (certified 
values = 539 ± 60 µg As kg-1) and CTA-VTL-2 (certified value = 969 ± 62 µg As kg-1) were 
113 ± 7% and 104 ± 4%, respectively (n = 2) (Table 2). The limit of detection for total As by 
ICP-MS was 21 µg kg-1 determined by mean plus three standard deviations of the blanks (n 
= 3). There are no certified values for As in reference tobaccos GBW 08514 and GBW 
05815, and reference cigarettes 1R4F and 1R5F. Accuracy of the total arsenic 
determinations is indicated by good agreement with certified values of the reference 
standards CTA-OTL-1 and CTA-VTL-2 supported by good precision indicated by low 
standard deviations for these standards (Table 2). 
 
3.3.2 Arsenic and extract concentrations  
 
Total arsenic in these 14 samples ranges from 144 to 3914 µg As kg-1 (median = 538; n = 
14), with total As concentrations in extracts ranging from 82 to 1791 µg As kg-1 (median = 
257; n = 14) (Table 3.2). 
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Table 3.2. Concentrations of total As, DMA, MA, inorganic As, sum of extracted As species and 
extract total As in six reference tobacco and six commercial samples (legal and illegal), with 
extraction efficiencies (∑ As sp./ Totals) and column recovery (∑ As sp./ Extracts) 
 
 
  Total  Species       Extracts  Extract Column 
  As  DMA  MA  Inorganic 
As 
∑ As 
Spec  
As  efficiency recovery 
 Sample µg kg-
1 
n µg kg-1 n µg 
kg-1 
n µg 
kg-1 
n µg kg-
1 
µg kg-1 n % % 
CRMs              
 CTA 
OTL-1 
611 ± 
41 
2 31 ± 1 2 B.D.L. 1 127 
± 8 
2 158 304 ± 3 2 25.9 52.0 
 CTA 
VTL-2 
1008 
± 39 
2 54 ± 6 2 B.D.L. 1 256 
± 17 
2 310 569 ± 59 2 30.8 54.5 
 1R4F 465 ± 
3 
2 24 ± 4 2 B.D.L. 1 96 ± 
2 
2 120 209 ± 3 2 25.8 57.4 
 1R5F 318 ± 
10 
2 37 ± 5 2 B.D.L. 1 78 ± 
26 
2 115 154 ± 8 2 36.2 74.7 
 GBW 
08514 
656 1 26 1 30 1 112 1 168 310 1 25.6 54.2 
 GBW 
08515 
429 1 23 1 B.D.L. 1 62 1 85 191 1 19.8 44.5 
Samples              
 B-1 
(legal) 
443 1 39 1 B.D.L. 1 79 1 118 192 1 26.6 61.5 
 B-2 
(legal) 
191 1 23 1 B.D.L. 1 39 1 62 113 1 32.5 54.9 
 B-3 
(legal) 
317 1 21 1 B.D.L. 1 66 1 87 162 1 27.4 53.7 
 B-4 
(legal) 
144 1 B.D.L. 1 B.D.L. 1 16 1 16 82 1 11.1 19.5 
 B-5 
(legal) 
816 1 49 1 33 1 218 1 300 409 1 36.8 73.3 
 B-6 
(illegal) 
3914 
± 90 
3 150 ± 
15 
4 45 ± 
12 
4 948 
± 36 
4 1143 1791 ± 
47 
4 29.2 63.8 
 B-7 
(illegal) 
3504 1 176 1 116 1 846 1 1138 1777 1 32.5 64.0 
 B-8 
(illegal) 
2339 1 120 1 42 1 487 1 649 1180 1 27.7 55.0 
 
3.3.3 Species concentration analysis 
 
DMA concentrations ranged from 21 to 176 µg kg-1 (median = 37 µg kg-1; n=13), MA from 
30 to 116 µg kg-1 (median = 42 µg kg-1; n=5), and inorganic As from 16 to 948 µg kg-1, 
(median = 104 µg kg-1; n=14) (Table 2, Fig. 1). Across all samples, the proportion of 
extractable As species ranged from 11.1 to 36.8% (Table 2), and column recoveries ranged 
from 44.5-74.7%. 
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Estimating species concentrations using chemical extraction methods suffers from potential 
inaccuracy due to incomplete extraction recoveries, and this study was hampered by the lack 
of an accepted speciation reference standard for As in plant material. Notwithstanding, the 
analytical procedure has been validated and compares favourably with other extraction 
techniques [146]. Another technical difficulty involving the calculation of species 
concentrations from the spectra, due to the coelution of the As(III) and DMA elution peaks, 
was overcome by oxidizing As(III) to As(V) by the addition of H2O2 [144, 147]. The addition of 
sufficient to excess H2O2 converts all inorganic As(III) in a sample to As(V) with no 
degradation of organic arsenicals MA and DMA [148]. As(III) elutes at the ejection front, and 
As(V) much later in a distinct peak; oxidization also enables inorganic As (As(III) and As(V)) 
to be differentiated from cationic species which, if present, would also elute with the solvent 
front [149]. Broadly similar results for inorganic As were obtained for 1R4F (this study, Table 
2 & Fig.1) and 3R4F made with a similar blend of tobacco types [9]. 
 
3.3.4 Bulk arsenic concentrations 
 
As concentrations in the reference standards and legal samples of this study range from 144 
- 1008 µg kg-1 (median = 443; n = 11) and are similar to those in the literature [79, 150]. They 
indicate that the tobacco plants were probably cultivated in conditions largely 
uncontaminated with As (Table 2). In contrast the plants used to make the three illicit 
(counterfeit) products have much higher As concentrations (2339 – 3914 µg As kg-1; median 
= 3504, n = 3) and were probably cultivated on soils quite heavily contaminated with arsenic 
due to natural enrichments in the soil, addition of contaminated fertilisers such as sewage 
sludge, and/or treatment with arsenical pesticides. 
 
3.3.5 Arsenic species concentrations 
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These new data demonstrate that organic As species are present in minor concentrations 
compared with inorganic As species in all 14 tobacco samples, as shown graphically in Fig.1, 
extending the earlier finding on 3R4F [9] to a much wider range of reference tobaccos and 
publicly-consumed products. Also notable is that the same pattern applies in high arsenic 
samples known to be counterfeit (B6-B8 in Fig.1). Total arsenic in these samples varies by a 
factor of over 20 yet the relative inorganic:DMA:MA concentrations remain relatively 
consistent. 
 
While As was found to be present principally in inorganic form with minor DMA and MA 
contributions, As-thiol complexes may represent a significant proportion of the species but 
conditions were not setup in advance to extract or detect such complexes [151]. 
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Figure 1. Concentrations of DMA, MA and inorganic arsenic in six reference tobaccos and eight 
tobacco products (legal and illicit). Error bars set at one standard deviation. 
 
 
 
3.4 Discussion and Conclusions 
 
3.4.1 Relationships between arsenic species 
 
The 14 samples analysed in this study span the whole concentration range normally 
encountered in cigarette tobacco [2] and cover a wide geographic range (US, EU, China) yet 
there is remarkable consistency in the fractions attributable to inorganic and organic 
(MA+DMA) arsenic species. Fig.2 shows how these vary with total sample As, with the 
slopes of the regression lines indicating that inorganic As is present at about four times the 
O
T
L-
1
V
T
L-
2
1R
4F
1R
5F
G
B
W
08
51
4
G
B
W
08
51
5
B
-1
B
-2
B
-3
B
-4
B
-5
B
-6
B
-7
B
-8
0
500
1,000
1,500
A
s 
(m
g 
kg
-1
)
Legal
brands
Reference
tobaccos
Illicit
brands
DMA
MA
Inorganic As
 Metals in Tobacco Smoke   77 
 
sum of the measured organic species (MA+DMA), a ratio maintained in samples with greatly 
elevated levels (as in B6-B8 counterfeit products). This lends confidence to the use of 
counterfeit samples in the study of As in tobacco in experiments where analytical 
instrumentation fails to detect As at more “normal” concentrations.  
 
MA concentrations are generally lower in these samples (but not significantly) than those of 
DMA, or are below detectable limits. Overall the slopes of the regression lines indicate that 
approximately 80% of the arsenic species detected in these tobaccos is in inorganic form 
with the remaining 20% present as organic species (DMA and MA) 
 
MA and DMA in plants is thought to be derived from soil rather than from in planta 
metabolism [152], as plants appear not to methylate inorganic As, unlike animals, bacteria 
and fungi [153], though methylated As species are readily translocated to the shoot once 
assimilated through the root system [150]. Low methylated As content in tobacco samples 
indicates low As methylation rates in the original growing environment. Relative 
concentrations of methylated species and total inorganic As species within the reference 
standards are generally stable, potentially due to growing environment conditions that favour 
inorganic As bioavailability to the plants (treatment with sewage-based nitrate or phosphate 
fertilisers), or application of arsenicals directly to the plant (perhaps atmospheric deposition 
of inorganic dust on leaves). As the presence of biological agents can affect the methylation 
of soil As, and thus passage into the food chain, as well as amount and source of the 
contaminant, soil properties, and the magnitude and rate of plant uptake and/or extent of 
absorption by animals [21] it is important to understand these factors in terms of As migration 
through both food chains and smoking in contributing to human exposure [46]. Soil has the 
capacity to buffer the effects of contaminants by binding these agents to soil constituents, or 
chemically converting them to inactive, insoluble or biologically unavailable forms. These 
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factors alone make for complex dose response relationships in crops [46] and may provide a 
strategy for reducing the total As, and more specifically the inorganic As available to the 
plant, and therefore to the receptor. 
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Figure 2. Regressions of extractable inorganic arsenic and DMA+MA against total arsenic in six 
certified reference materials, five legal cigarette brands from the US, UK and China, and three 
counterfeit samples. Regression lines are significant at ρ=0.05, and slopes (m) are indicated 
(both pass through the origin within error).  
 
 
 
3.4.2 Health implications 
 
Human toxicity symptoms associated with exposure to arsenic include cancers of the lung 
and skin, and cardiovascular, gastrointestinal, hepatic and renal diseases [2, 138]. Our 
findings on the prevalence of inorganic As species over organic forms, the former being the 
more toxic and persistent in the human body, could be directly relevant to gastrointestinal 
exposure due to the use of oral tobacco. As for smoking, taking the arsenic concentrations 
present in the tobacco samples used in this study, we calculate that a potential dose ranging 
from 6 to 505 ng per cigarette (based on 0.7g cut tobacco in a single cigarette) could be 
transferred to the respiratory system under standard ISO smoking conditions using published 
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transference factors [78]. Smoking is a complex process and the components of tobacco are 
not necessarily transferred unchanged to the lungs; As being potentially released as 
particulates or other species generated by the processes of pyrolysis and pyrosynthesis 
[154]. These new compounds may be more or less toxic than their precursor compounds, 
depending on redox conditions and other factors during combustion and smoke ageing. A 
possible insight comes from the combined HPLC-ICPMS and XANES a study of 3R4F [7, 8].  
The XANES spectra in this paper were difficult to model due to the low As concentration in 
their sample, however they were able to demonstrate the presence of As(III) in smoke 
condensate which indicates that arsenic is being reduced in the burning coal, at least in 
3R4F. Further studies are required to identify the compositions and concentrations of As 
species that are quantitatively transferred into smoke and their persistence. 
 
Tobacco is grown in over 120 countries [155]. The available data suggest that arsenic 
concentrations in tobacco used to manufacture cigarettes varies with geographical region. 
Comparing China and United States, the largest producers of tobacco leaf in the developing 
and developed world respectively [155], a recent study estimated a mean value for arsenic of 
0.29 mg kg-1 (standard deviation 0.04) in tobacco extracted from 50 samples of popular US 
cigarette brands [156], whereas the mean for 47 samples of popular cigarette brands in 
China is 0.85 mg kg-1 (standard deviation 0.73) [157]. These arsenic levels are significantly 
different (ρ<0.001) suggesting that smokers in these countries may be exposed to very 
different levels of arsenic. If, as this study indicates, most of this arsenic will be present as an 
inorganic species possibly in reduced state, any risk of smoking-related disease due to 
arsenic exposure would appear to be considerably greater in China, a nation that is home to 
a quarter of all the world’s smokers [158]. 
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If arsenic is to be regulated by concentration in crops and commercial products, as has been 
recommended [2], then there must be strong scientific evidence that it is likely to expose 
smokers and other users of tobacco to hazardous levels of toxic species of arsenic. The 
evidence of the 14 samples in the present study combined with previous studies of reference 
cigarette 3R4F [7-9] indicate that smoking does involve exposure to arsenic much of which is 
present in smoke as inorganic arsenite species. These findings provide strong support for 
regulation although better information is required on the valence states of arsenic in tobacco 
smoke and the inhalation toxicology of arsenic in humans. 
 
3.4.3 Conclusions 
 
The principal organic arsenic species detected in the 14 tobaccos analysed were DMA 
(detected in 13 samples) and MA (detected in 5 samples). Both organic and inorganic 
species increase with total arsenic concentration and regression analysis indicates that 
Inorganic forms of arsenic dominate over all organic arsenic species (DMA+MA) by a factor 
of 4:1 in tobaccos sampled over a wide range of compositions and geographical regions.  
 
Given that inorganic arsenic is considered to be more toxic to humans than organic forms 
this has consequences for the health of users of oral tobacco and, depending on changes 
that may occur during combustion, also for the health of smokers.  
 
A consequence of large regional differences in arsenic concentrations in tobacco may be 
regional differences in degree of exposure and risk to health, China being notable for the 
high levels of arsenic in many of its cigarette brands. 
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The evidence on arsenic speciation in relation to health risks presented in this paper strongly 
supports the recent proposal to regulate arsenic in tobacco crops and products [2]. 
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4. Valence Speciation Using XANES 
Diamond Light Source near Oxford, UK 
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4.1 Introduction 
 
According to the World Health Organisation (WHO) tobacco smoke contributes to the deaths 
of about half its users[23] yet the individual and combined effects of the components of 
smoke responsible for the various smoking-related diseases are not fully understood. A 
recent EU-sponsored review identified 98 compounds in tobacco smoke that exceed 
“thresholds of toxicological concern” [1] among which are seven metals or metalloids 
including arsenic (As) and chromium (Cr). The US Food and Drug Administration, recently 
given responsibility for the regulation of tobacco products, included arsenic and chromium in 
a slightly different group of elements in its list of “harmful and potentially harmful constituents 
in tobacco products and tobacco smoke” [3]. The Tobacco Product Regulation Study Group 
(TobReg), an expert panel advising the WHO, reviewed the available scientific evidence of 
harm caused by metals and metalloids in tobacco smoke before recommending that “tobacco 
purchased from each new agricultural source [be tested] for levels of arsenic, cadmium, lead 
and nickel” and that tobacco blends offered for sale be tested for concentrations of these 
elements [2]. These reviews invariably identify arsenic in tobacco as hazardous, however 
due to the paucity of available studies none of these reviews takes the speciation of arsenic 
in smoke into account, whether it is transferred in elemental or compound form, inorganic or 
organic, and the valence state(s) (trivalent/pentavalent) on combustion and transfer to the 
respiratory tract. Similarly chromium exists in nature in multiple valence states, notably Cr(III) 
and Cr(VI) but only the hexavalent form is highly toxic to humans. These factors are 
fundamental to assessing the hazard given that a large body of toxicological research 
identifies inorganic As(iii) and Cr(VI) species as highly toxic to humans based on ingestion 
studies [138]. Exposure to arsenic through inhalation is less well studied and the effects of 
species on the risk to humans is not yet known, although there is evidence that As(iii) causes 
tumours in rats [138]. 
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Here we use a synchrotron approach to establishing the valence state of the two tobacco 
smoke carcinogens that exist in multiple valence states with very different cancer risks.  
 
The concentration of As in tobacco ranges from less than one µg g-1 to a few µg g-1, while up 
to a few tens of nanograms per cigarette are present in mainstream smoke [23]. Estimates of 
mass transference of As from tobacco to smoke fall in the range of 7-18% [78]. Such levels 
could pose a risk to smokers’ health if As is dominantly present at the point of human 
exposure in its inorganic and/or reduced state. 
 
The aim of the present study is to determine the speciation of As delivered to the smoker, in 
order to inform those assessing the risks of individual smoke components. More specifically 
the objective is to characterise the valence of As along its pathway from the harvested plant, 
through curing to the smoking product, and in particular through the combustion event during 
smoking that creates the respirable aerosol. The analytical approach uses X-ray Absorption 
Near Edge Structure (XANES) spectra obtained using synchrotron radiation. Unlike HPLC-
ICPMS and most other speciation techniques XANES can be applied in situ without requiring 
chemical extraction and the associated risk of modifying speciation can be monitored 
 
Past attempts to achieve this aim using XANES have been largely thwarted by insufficient 
sensitivity of available synchrotrons to characterise the valence state of As in smoke 
products at low As concentrations. Liu and colleagues in series of papers linked their XANES 
results on tobacco and smoke condensate with speciation studies using HPLC-ICPMS [7-9]. 
The weak As response in some of their XANES spectra led to uncertain conclusions 
concerning the valence of As in smoke. Notwithstanding, the impression given by the most 
recent literature is that the reduced and potentially more toxic forms of As are minor and 
transient species in tobacco smoke products, and that any As(iii) present is rapidly oxidised 
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soon after generation to As(v) forms [8]. If this is correct then As in tobacco may not be 
sufficiently hazardous to engage the interest of regulators, however there is currently 
sufficient uncertainty to warrant the collection of higher resolution XANES spectra on a much 
wider variety of samples. 
 
Here we adopt a two-fold approach to overcoming the technical difficulties besetting earlier 
studies. Firstly, use of a third generation synchrotron (Diamond, the UK’s national facility) 
offers a considerably brighter source of X-rays generating much stronger signals at lower 
concentrations of As than earlier studies. Secondly tobacco burdened with elevated 
concentrations of As has been successfully cultivated for use in smoking experiments, taking 
care to ensure verisimilitude with products available for public consumption.  
 
4.2 Methodology 
 
4.2.1 Materials 
 
KT209 seed was supplied by F.W Rickard Seeds, INC., USA. Toxic chemicals required for 
burdening and for synchrotron characterisation (As2O3, As2O5, NaAsO2, HNa2AsO4) were 
supplied by Sigma Aldrich. Arsenopyrite (FeAsS) is a mineral phase often found in soils that 
nominally has an oxidation state of -1. The standards were pressed into 13 mm pellets using 
a 6-ton die press. 
 
Tobacco materials analysed include 1R4F (Kentucky University low tar reference cigarette 
widely used in smoke testing laboratories), CTA-VTL-2 is a trace element reference standard 
of Virginia tobacco with a recommended value of 0.969 ±0.072 µg/g As, and distributed by 
the Institute of Nuclear Chemistry and Technology, Warsaw, Poland. STA336 and STA486 
are two commercial cigarette samples, STA336 being a major brand purchased in the USA 
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with a low As concentration, and STA486 a brand purchased in China where As levels are 
sometimes elevated [157]. 
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4.2.2 Cultivation of As burdened KT209 tobacco 
 
KT209 tobacco seeds were planted into propagators containing John Innes seeding compost 
with coatings intact and allowed to germinate and develop to transplanting maturity under 
controlled greenhouse conditions of 26˚C and 60 % relative humidity (relative humidity) over 
a 12 hour artificial day, and 18 ˚C and 30 % relative humidity overnight with regular watering. 
The mature seedlings (approximately 8 weeks) were then transferred into growth bags 
containing an equal mixture of John Innes No.1 and John Innes Ericaceous composts for the 
Montage of metal-burdened tobacco plants grown under controlled greenhouse conditions at St 
Andrews University. Plants were harvested after 120 days growth and cured in a drying cabinet. 
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As experiments. Plants were maintained with adequate soil moisture content, removal of 
senesced leaf material, and removal of flowering heads or removal of non-viable plants, for 
120 days when they were harvested. Arsenic was added to the compost in solutions 
containing various concentrations of sodium arsenate and sodium arsenite, together and 
separately (Table 4.1). 
 
Plants stems were cut 2 cm from the base to minimise soil contamination, and washed 
(except for RCS102 and RCS108) in deionised water. Tobaccos generated as unadulterated 
powders (i.e. no humectant) were dried at 75 °C (RCS102, RCS108, RCS125) then frozen at 
-18 °C to limit alteration to species; two tobaccos (RCS120, RCS123) were air-cured at 10 
°C, ~50 % relative humidity beforehand. Curing conditions for cigarette tobacco (RCS132, 
RCS133) were reproduced in a heating cabinet providing a temperature of c. 50 ˚C and 60 % 
humidity for 14 days. 
 
4.2.3 Smoking experiments 
 
 Cured tobacco was maintained at 22±2 ˚C and 60±5 % relative humidity before being 
shredded with a hand operated, table mounted mechanical device to achieve a strip width of 
about 1-2 mm, and sprayed with 1,2-Propanediol (99.5 % ACS puriss, Sigma-aldrich, UK) 7 
% fresh weight (fresh weight of tobacco conditioned at 22 °C, ~65% rel. hum.). Protocols for 
making and machine-smoking hand rolled cigarettes have proved difficult to establish but as 
the purpose was to determine the relative changes in oxidation state rather than measure 
concentrations in emissions this was not considered a significant problem; no equivalent ISO 
protocol currently exists.. Approximately 1000±100 mg of the resulting tobacco was loaded 
into premade cigarette tubes (Make Your Own brand, Imperial Tobacco) using a small 
commercial device for home fabrication of cigarettes. This machine ensured reasonably 
consistent packing of tobacco into tubes. The reference cigarette 1R4F was stored under 
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ISO recommended conditions of temperature and humidity leading up to the smoking 
experiment (ISO 3402) [159]. 
 
Smoking experiments were carried out using an in-house smoking machine constructed at 
RIVM, Bilthoven, Netherlands. This machine was programmable for various machine 
smoking protocols, adhered to ISO 7210: 1997 where possible (ignition with a standard 
propane lighter, 47mm. Conventional Cambridge filter pads proved unsuitable as XRF 
analysis of their bulk composition showed this 
batch to be contaminated with low levels of 
As, as well as substantial levels of some other 
metals [160]. Whatman PTFE 0.45 µm pore 
filters of 47 mm diameter proved to be below 
the limit of synchrotron detection (e.g. 100 
ppb) and was used to collect smoke 
particulates. It was found that transmission of 
smoke was limited because hydrophobic PTFE induced smoke to escape around the outer 
edge of the filter. To overcome this, minute holes (100-250 µm) were pierced in the filter 
membrane using As-free optical glass needles that allowed the passage of smoke through all 
parts of the filter. As was easily detected by the synchrotron in smoke condensate deposited 
around these perforations.  
 
The smoking machine was sited in a laboratory a few metres from the beamline to minimise 
the lag time between smoking and XANES spectral acquisition, during which sample 
modification may occur. In addition there was a facility to collect filter samples for transfer 
from the smoking machine to the beamline under dry ice in order to limit the potential for 
atmospheric oxidation. Fig.4.1 is a schematic of the set-up used for smoking experiments. 
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4.2.4 Synchrotron 
 
All standards and samples were analysed on beamline I18 of the Diamond 3rd Generation 
Synchrotron facility[161] at Didcot, Oxfordshire, UK (www.diamond.ac.uk). Diamond is a 3 
GeV synchrotron and measurements were taken with a typical beam current of 250 mA. 
Beamline I18 receives x-rays from an insertion device and the beamline employs a Si(111) 
monochromator, the radiation from which was focused by Kirkpatrick-Baez mirrors into a ~3 µμm diameter spot. The surface of the sample was 45° to the incoming beam and the 
fluorescence detector was perpendicular to the beam (see electronic Appendix). XAS data 
were collected on the As K-edge to include the Near Edge (XANES) region only. The 
response of the sample was measured as As K-alpha X-ray fluorescence using a VORTEX 
4-channel X-ray detector with dedicated fast-counting electronics, and the final response is 
the sum of all channels. The monochromator energy calibration was checked with an Au foil 
(11,919 eV) and the measurement of an As2O5 standard was repeated at the beginning of 
every session to check for reproducibility. The final data are the averages of up to 50 cycles 
(depending on concentration) and each cycle typically took 5-9 minutes to acquire. 
 
The samples were leaf fragments, pelleted powders (ground leaf, shredded leaf and ground 
ash), condensates and filters. These were presented to the beam on Kapton® film or 
occasionally on high-purity quartz slides. Analyses of As(III) standards at room temperature 
showed modification of the spectra with time (20-30 min), inferred to be due to X-ray induced 
oxidation, therefore experiments were performed at cryogenic temperatures. Initially this was 
performed in a continuous flow nitrogen cryostat (Oxford Instruments MicrostatHiResII) with 
the sample mounted in vacuum and cooled by conduction and a Kapton® window for the x-
rays. Under such conditions, no sample modification of As(III) standards was observed [162]. 
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Similarly smoke condensate with very low As concentrations showed no observable changes 
in edge position with exposure to the beam (experiments described later). We also compared 
data from the continuous flow cryostat with results of analysis under a Cryojet (Oxford 
Instruments) in which a flowing jet of cold nitrogen gas close to 77 K is directed at the 
exposed sample surface. The temperature of the sample dropped to ~90 K under those 
conditions and the absence of frosting in the analysis area indicated that the continuous 
nitrogen flow kept air away from the analysis area. Analyses of samples using the cryojet 
provided for far faster sample changes and, as As(III) standards showed no sample 
modification, the cryojet became our preferred method. Analysis of a natural diamond (C) 
procedural blank showed no evidence for As responses from scattered x-rays coming from 
the beamline table and experimental hutch. The background subtraction and normalisation of 
data for XANES was performed using ATHENA [163]. The edge position is determined using 
ATHENA from the maximum of the first derivative of the raw data.  
 
X-ray absorption edge profiles of 
As were obtained using XANES 
analyses of tobacco leaf (As 
burdened and unburdened), 
manufactured cigarettes, and 
smoked products (ash, filter and 
particulates). In summary, As 
burdened tobacco was grown from 
KT209 tobacco seeds using 
seeding compost and various 
concentrations of sodium arsenate 
Figure 4.1. Schematic of the experimental setup.  
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and sodium arsenite in solution, added together and separately. XANES spectra were 
obtained from inorganic compounds for edge energy calibration (arsenic (III) oxide, arsenic 
(V) oxide, sodium arsenite, sodium arsenate, and arsenopyrite), tobacco leaf grown from 
KT209 seed with and without As burdening. Those selected for XANES investigation were 
unburdened leaf samples RCS115 (in vivo), RCS123 (in vivo), RCS102 (0.7 µg/g As), and 
RCS133 (0.3 µg/g As), burdened leaf RCS108 (10.3 µg/g As), RCS120 (8.6 µg/g As), 
RCS123 (13.5 µg/g As), RCS125 (246 µg/g As), and RCS132 (10.1 µg/g As), international 
reference standards (CTA-VTL-2 (0.97 µg/g As) and 1R4F (0.31 µg/g As), and commercial 
tobacco products (STA336 (0.7 µg/g As) and STA486 (3.3 µg/g As)). Note that all 
concentrations are quoted as dry mass. 
 
4.2.5 As concentration measurement 
 
Tobacco samples were dried at 72 ˚C for 48 hours before being powdered in a tungsten 
carbide swing mill. 32 mm pellets were produced at 20 tonnes and analysed for As 
concentration using polarised X-ray fluorescence with Gd K-alpha primary radiation 
(PANalytical Epsilon 5) [30]. The precision of As analysis by XRF is estimated as ± 0.14 µg/g 
2σ based on 10 replicates of tobacco standard 1R4F at a mean concentration of 0.31 µg/g. 
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ANNOT-
ATION 
MATERIAL PURPOSE CAS No.   
or As µg/g 
As2O3 Arsenic (III) oxide Inorganic compound for As(III) edge 
energy calibration 
1327-53-3 
As2O5 Arsenic (V) oxide Inorganic compound for As(V) edge 
energy calibration 
12044-50-
7 
NaAsO2 Sodium arsenite  Inorganic compound for XANES 
reference calibration 
7784-46-5 
Na2HAsO4 Sodium arsenate Inorganic compound for XANES 
reference calibration 
10048-95-
0 
Apy Arsenopyrite Inorganic compound (mineral) for 
XANES reference calibration 
1303-18-0 
RCS115 Leaf grown from KT209 seed and unfermented 
(no added As) 
Control leaf  
RCS123 Leaf grown from KT209 seed in compost with 
added 0.53mM NaAsO2 & 0.17mM 
Na2HAsO4.7(H2O), unfermented 
As(III) & As(V) burdened tobacco 
leaf 
11.3 µg/g 
RCS102 Leaf grown from KT209 seed, fermented (no 
added As) 
Control (powder) 0.7 µg/g 
RCS133 Leaf grown from KT209 seed, fermented, 
shredded, propylene glycol casing, cigarette 
smoked for condensate and ash (no added As) 
Control (smoked shredded tobacco 
condensate and ash) 
0.3 µg/g 
RCS108 Leaf grown from KT209 seed in compost with 
added 3.89mM NaAsO2, fermented and 
shredded 
As(III) burdened tobacco 10.3 µg/g 
RCS120 Leaf grown from KT209 seed in compost with 
added 0.11mM NaAsO2 & 0.03mM 
Na2HAsO4.7(H2O), fermented & shredded 
As(III) & As(V) burdened tobacco 8.6 µg/g 
RCS123 Leaf grown from KT209 seed in compost with 
added 0.53mM NaAsO2 & 0.17mM 
As(III) & As(V) burdened tobacco 13.5 µg/g 
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Na2HAsO4.7(H2O), unfermented 
RCS125 Leaf grown from KT209 seed in compost with 
added 0.40mM NaAsO2 & 0.55mM 
Na2HAsO4.7(H2O), fermented & shredded 
As(III) & As(V) burdened tobacco 246 µg/g 
RCS132 Leaf grown from KT209 seed in compost with 
added 0.11mM NaAsO2 & 0.04mM 
Na2HAsO4.7(H2O), fermented, shredded, 
propylene glycol casing 
As(III) & As(V) burdened tobacco for 
smoking experiments 
10.1 µg/g 
CTA-VTL-2 Powdered tobacco International tobacco reference 
standard for trace elements 
0.97 µg/g 
1R4F Tobacco from research cigarettes International tobacco reference 
standard for smoke components 
0.31 µg/g 
STA336 Tobacco from commercial cigarettes Cigarettes with As concentration 
close to global average 
0.7 µg/g 
STA486 Tobacco from commercial cigarettes Cigarettes with As concentration 
considerably above global mean 
3.3 µg/g 
 
Table 4.1. List of compounds used for edge energy calibration with CAS numbers and 
abbreviations, and the tobacco samples used in this study with their bulk arsenic 
concentration (in µg/g ±0.14, dry weight) where appropriate. 
4.3 Results for arsenic 
 
4.3.1 Cultivation of As burdened tobacco plants 
 
Glasshouse cultivation of As burdened tobacco leaf resulted in up to three orders of 
magnitude increases in As concentration. The dried leaf of unburdened control sample of 
KT209 contains 0.7 µg/g As whereas intermediate burdening (RCS132) created tobacco leaf 
containing 5-15 µg/g As. More substantial burdening led to tobacco leaves with 100-250 µg/g 
As, although there were many instances where plants failed to develop under burdening 
conditions, particularly when As was added solely as As(V). Only outwardly healthy plants 
were preserved through the extent of the growing period (typically 120 days). XANES spectra 
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were collected across this range of burdened tobacco but for smoking experiments sampling 
was confined to the lower levels of burdening. 
 
4.3.2 XANES spectra of standards (Fig.4.2) 
 
Edge energy, defined as the maximum in the first derivative of the data, lies ~11,868 eV for 
As(III) from arsenic trioxide (As2O3) and sodium arsenite (NaAsO2), whereas the As(V) 
absorption edge lies ~11,873 eV in As pentoxide (As2O5) and sodium arsenate 
(Na2HAsO4.7(H2O)) (Fig.4.2). The edge for arsenopyrite (FeAsS, Apy in Fig,1) is significantly 
lower at 11,866 eV, in reasonable agreement with interpretations of this feature as indicating 
the dominance of As(-I) in arsenopyrite [164, 165]. 
 
 
 
Figure 4.2. XANES spectra for inorganic 
reference compounds. Compound 
abbreviations and spectral interpretations 
are given in Table 1. Grey bands are 
centred on the first derivative maxima in 
As2O3 and As2O5, taken to indicate the 
edge energies of inorganically bound 
As(III) and As(V) respectively, and are 
reproduced in all other XANES spectra for 
reference. Error is typically ±0.25eV. 
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4.3.3 XANES spectra of fresh and cured tobacco leaf (Fig.4.3A) 
 
Control sample RCS115 was inserted as freshly cut green leaf into the beam and its profile 
represents unburdened live leaf. Its edge energy shows As(III) to be dominant with the hint of 
a shoulder consistent with minor As(V). RCS102 is a similar sample that has additionally 
been fermented and it shows the development of a more prominent feature attributable to 
As(V). Note that these unburdened samples have <1 µg/g As when dried yet credible XANES 
spectra can be generated using a third generation synchrotron. Burdened sample RCS123IV 
was inserted as freshly cut green leaf into the beam and its profile represents burdened live 
leaf. Its edge energy shows As(V) to be dominant with the hint of a shoulder consistent with 
minor As(III).  
 
The spectra for RCS120, RCS123, RCS125 and RCS108 represent leaf grown in As 
burdened conditions. In all cases a distinct As(III) edge is present, and is even dominant in 
the case of RCS120. Of these burdened samples only RCS123 was not fermented and it is 
noteworthy that As(V) dominates its XANES spectrum. There is no systematic response to As 
burden, for example RCS108 was cultivated with As(III), yet As(III) in the resultant tobacco is 
less prominent than As(V) (Fig 2A, spectrum 11). Similarly there is little correlation between 
valence balance and total As uptake. RCS125 is the most As rich sample and As(III) and 
As(V) appear to be approximately equivalent in its XANES spectrum. Less burdened samples 
such as RCS123 (13.5 µg/g) and RCS120 (8.6 µg/g) show very different balances. It should 
be noted that some of the peaks (particularly RCS120 and RCS1250) occur at higher 
energies than associated with the As(V) edge in the inorganic reference compounds (Fig.2A) 
and this shift most probably reflects different organic molecular environments.   
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In summary these spectra indicate that fresh leaf may be dominated either by As(III) or As(V) 
and burdening does not lead to a predictable balance between the valence states. 
Fermentation leads to spectra with both As(III) and As(v); again the relative valence balance 
is not predictable. 
 
 
 
 
 
 
 
 
 
 
 
 
 
XANES 
spectrum 
Figure Sample Remarks 
Valence 
balance 
1 4.2 As(v) Inorganic reference n/a 
2 4.2 Na- As(v) Inorganic reference n/a 
3 4.2 As(III) Inorganic reference n/a 
4 4.2 Na-As(III) Inorganic reference n/a 
5 4.2 Apy Arsensopyrite, inorganic reference n/a 
6 4.3A RCS102 KT209 tobacco leaf (unburdened control) III ≺ V 
7 4.3A RCS115 IV KT209 tobacco leaf (in vivo) III ≫ V 
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8 4.3A RCS120 KT209 tobacco leaf with 8.6 µg/g As III ≻ V 
9 4.3A RCS123 IV KT209 tobacco leaf (in vivo) with 13.5 µg/g As (dry weight) III ≪ V 
10 4.3A RCS123 KT209 tobacco leaf with 13.5 µg/g As III ≺ V 
11 4.3A RCS108 KT209 tobacco leaf with 103 µg/g As III ≪ V 
12 4.3A RCS125 KT209 tobacco leaf with 248 µg/g As III ≈ V 
13 4.3B RCS132 KT209 tobacco leaf, As burdened (10.1 µg/g As), fermented, 
shredded and cased  
III ≻ V 
14 4.3B 1R4F Tobacco from low tar reference cigarette III ≪ V 
15 4.3B CTA-VTL-2 Trace element reference tobacco III ≪ V 
16 4.3B STA336 Tobacco from a major US brand III ≪ V 
17 4.3B STA486 Tobacco from a major Chinese brand III ≺ V 
18 4.4 RCS133 
Smoke condensate from 5 cigs made with KT209 fermented, 
shredded and cased tobacco (0.3 µg/g As) 
III ≫ V 
19 4.4 RCS132 
Smoke condensate from 5 cigarettes made from  KT209 
fermented, shredded and cased tobacco (10.1 µg/g As) 
III ≫ V 
20 4.4 1R4F 
Smoke condensate from 1 smoked (low tar reference) 
cigarette 
III ≫ V 
21 4.4 RCS133 
Ash from KT209 fermented, shredded and cased tobacco 
(0.3 µg/g As) 
III ≪ V 
22 4.4 RCS132 
Ash from KT209 fermented, shredded and cased tobacco 
(10.1 µg/g As) 
III ≪ V 
23 4.4 1R4F Ash from 1 smoked (low tar reference) cigarette III ≪ V 
24 4.4 
Filter Butt 
(proc.blank) 
Filter from Roll Your Own brand of tube + filter tip, unsmoked III < V 
25 4.5 RCS132 5 cigarettes smoked, no CO2(s) cryojet III ≫ V 
26 4.5 RCS132 1 cigarettes smoked, filter stored in CO2(s), no cryojet III ≫ V 
27 4.5 RCS132 3 cigs smoked, filter stored in CO2(s), no cryo III ≫ V 
28 4.5 RCS132 3 cigarettes smoked, 30 minute delay at room T, no CO2(s), III ≫ V 
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cryojet 
29 4.5 1R4F Smoke condensate analysed with cryojet III ≫ V 
30 4.5 1R4F Smoke condensate analysed without cryojet III ≫ V 
 
Table 4.2. List of samples and their XANES spectra with interpretation of valence balance. More 
details on the samples are provided in Table 4.1. 
 
 
 
Figure 4.3. XANES spectra for (A) KT209 
control tobacco leaf and KT209 grown with 
various levels of total As burdening (as 
annotated), and (B) a selection of cured and 
processed tobaccos from diverse sources. 
Sample abbreviations and spectral 
interpretations for each numbered spectrum 
are given in Table 4.2. 
 
 
4.3.4 XANES spectra of cigarette tobacco 
(Fig.4.3B) 
 
As(V) is the dominant valence state in four 
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As all indicate strong edges corresponding 
with As(V) with only slight indicators of 
As(III). A Chinese brand with elevated As 
(STA486, 3.3 µg/g As) has a greater 
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grown under burdened conditions, fermented, cased with propylene glycol and then 
shredded. This sample has 10.1 µg/g As and shows As(III) to be dominant although a 
shoulder attributable to As(V) is discernible. These data show that these commercial tobacco 
products are dominated by the oxidised form with only minor As(III), unless the sample has 
been grown in an As rich environment. 
 
4.3.5 XANES spectra of smoke condensate and ash (Fig.4.4) 
 
Smoke condensate collected around perforations (as described in the methods section) 
include numerous As rich points even in samples with very low bulk As concentrations. The 
edge energy of the control tobacco (RCS133 with 0.7 µg/g As), the medium burdened leaf 
(RCS132 with 10.1 µg/g As) and the reference standard 1R4F are essentially identical with 
peak positions indicative of As(III) (11,868±1 eV). RCS132 is a much smoother profile since it 
has a higher concentration. All three samples were created and transferred at room 
temperature, and analysed under the low 
temperature conditions of the cryojet. 
 
 
Figure 4.4. XANES spectra for smoke 
condensate from the 1R4F reference 
standard, KT209 control and one As 
burdened tobacco, a blank filter butt, and 
ash collected from a selection of 
experiments. Sample abbreviations and 
spectral interpretations for each 
numbered spectrum are given in Table 4.2. 
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As(V) species (Fig.3). The edge energies are 11,872 eV (control sample RCS102), 11,875 
eV (As burdened samples RCS132), and 11,872 eV (1R4F reference standard), within the 
As(V) edge energy defined by inorganic standards (11,873 eV). These ash samples contain 
little or no As(III) and we infer that the combustion processes producing the ash effectively 
oxidise all the unmobilised As. 
 
 
4.3.6 XANES spectra of ageing experiments on tobacco condensate (Fig. 4.5) 
 
Much has been made in earlier papers about the transient character of the As(III) component 
of tobacco smoke particles [7, 8]. In the present study no change in oxidation state was 
observed in room temperature experiments on smoke condensate carried out in a normal 
atmosphere some tens of minutes after completing experiments using the smoking machine 
(Fig.4.5). If As(III) is the species posing the greater risk in smoke then the role of smoke 
ageing could be important in reducing this risk by oxidation. This prompted further 
investigations into potential changes in As valence state by repeating the experiments on 
smoke condensate with different time lags and storage conditions prior to acquiring XANES 
spectra. Although these experiments do not replicate real smoking conditions, particularly 
within the lungs, any evidence for rapid and complete oxidation of As could potentially be 
misused in claims that the risk from 
arsenic exposure is negligible.  
 
 
 
Figure 4.5. XANES spectra for smoke 
condensate under different conditions of 
ageing (lag time after smoking, with or 
without the cryojet during experiment). 
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interpretations for each numbered spectrum are given in Table 4.2. 
 
 
 
 
 
 
 
 
 
 
Arsenic burdened tobacco RCS132 was machine smoked with the filter pad encased in dry 
ice, and the assembly was kept together after the experiment while relocating to the 
synchrotron beam where it was transferred to the cryojet. The sample was prevented from 
warming up to room temperature in order to limit alterations in “electrothermal potential” [8]. 
The XANES spectrum for RCS132 (29 in Fig.4.5) from the smoke condensate experiment 
(Fig.3) is included for comparison. The spectra from the smoking of one cigarette (26) and 
three cigarettes (27) are essentially the same, although the data are noisier in the former 
given that fewer cigarettes were smoked to avoid ageing effects. No significant shift in edge 
energy reflecting oxidation is observed. The three cigarettes experiment was repeated and 
the condensate stored for 30 minutes at room temperature before insertion into the beam. 
The XANES spectrum (28) shows no significant change and the experiment fails to 
demonstrate any oxidation of As(III) with ageing. The reference standard 1R4F was smoked 
and XANES spectra collected without (29) and with (30) the cryojet in order to check the 
extent of any reduction or oxidation under beam conditions during approximately 30 minutes 
of exposure to the beam [162, 166]. When compared to un-aged spectra Fig 3, no such 
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effect is observed over the time taken to transfer the sample to the beamline (a few 10s of 
minutes). 
 
4.4 Discussion 
 
4.4.1 Summary of experiments 
 
The XANES experiments demonstrate that tobacco combustion generates smoke that 
condenses on a filter pad with dominantly reduced As(III) species and ash with entirely 
oxidised As(V) species. This outcome is observed regardless of the balance of As(III):As(V) in 
the precursor tobacco. 
 
Human exposure to As occurs primarily through ingestion of contaminated food or water. 
Typical daily intakes from food and beverages in non-occupational settings range between 
20-300 µg/day (the higher figures associated with large consumption of seafood). Inhalation 
may contribute 1 µg/day in a non-smoker but estimates for a smoker’s additional exposure 
range from about 1 to 10 µg/day [138].  Arsenic exposure via tobacco smoke may be even 
higher in heavy smokers and/or in parts of the world where high concentrations of As are 
often found in tobacco [157]. Thus smoking can be a significant source of As exposure, 
although these exposure estimates are based on total As and do not take account of the 
potentially different toxicities of various As species based on valence state, inorganic and 
organic compounds. The most recent IARC evaluation of inorganic As compounds implicates 
arsenic trioxide, As(III) and As(V) in causing cancers of the lung, urinary bladder and skin, 
and positively associates As and its inorganic compounds with cancers of the kidney, liver 
and prostate [138]. The evaluation also recognised that As(III) species are more toxic and 
bioactive than As(V) species as a consequence of greater chemical reactivity of As(III) and 
because As(III) enters cells more readily. Thus in tobacco smoke, a dominant inorganic As in 
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trivalent state might be expected to be the most harmful, although studies of carcinogenesis 
in humans due to inhaled As species are lacking [138]. 
 
To facilitate interpretation an ordinal sequence of five combinations of valence states is 
defined, namely As(III)<<As(V), As(III)<As(V), As(III)≈As(V), As(III)>As(V) and As(III)>>As(V), 
identified by qualitative assessments of the relative contributions of As(III) and As(V) to the 
XANES spectra based on edge positions and the shape of the spectral profile. These are 
listed for each sample of tobacco smoke condensate and ash in Table 1. The same data are 
plotted in Fig.5 summarising all results in context from tobacco leaf to commercial product, 
through combustion to smoke and ash.  
 
4.4.2 As(III)-As(V) variation in tobacco leaf and smoking products 
 
Very high As concentrations in tobacco have been commonplace historically, for example US 
commercial tobacco averaged 57 µg/g in 1951 when arsenical pesticides were legal [167]. 
The As burdening experiments reported above resulted in leaf with As concentrations up to 
246 µg/g but beyond about 10-15 µg/g plants began to show signs of stress. Only samples 
with As burdened concentrations at the lower end of this range were used in smoking 
experiments.  
 
Fig.2 clearly indicates that the tobacco plant has a complex response to As burdening and 
the As(III)-As(V) relationship does not simply reflect the amount of added As. Indeed a 
sample to which only As(III) was applied has the strongest As(V) edge indicating that the 
plant mediates the As oxidation state. However, some general features are apparent. 
Unburdened and unfermented KT209 tobacco is dominated by As(V) but As(III) appears to 
increase with fermentation. Addition of different mixes of As(III) and As(V) to KT209 resulted 
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in leaf grown with burdens of 8.6 (RCS120) and 13.5 µg/g As (RCS123) with significant 
As(III), but again As(V) dominates in the unfermented leaf whereas As(III) dominates in the 
fermented sample. Exceptional burdening of KT209 with the same As(III)-As(V) mix resulted 
in leaf with 246 µg/g As and the fermented sample has approximately equivalent As(III) and 
As(V). Burdening with As(III) only, followed by fermentation, resulted in leaf with 103 µg/g As 
which is dominated by As(V) but with significant As(III).  
 
Tobacco cultivation occurs in an aerobic environment. The redox conditions in the growth 
medium may favour As(V) so that higher plants take As(V) via phosphate transporters, 
though As(III) would be transported through aquaporins [168, 169]. As(V) is reduced to As(III) 
in the roots, complexed with peptides such as glutathione As(GS)3 then potentially 
transported to root cells vacuoles, or translocated to the shoot [169, 170]. Reactive oxygen 
species, generated through reduction of inorganic As introduced within plants initiates a 
complex constitutive detoxification mechanism in higher plants such as tobacco, involving 
transcription of phytochelatins or even metallothioneins [162, 166, 169, 171, 172]. The 
system is even more complex in that the leaves are in a state of senescence once the 
tobacco plant is harvested; it is known that metallothionein is expressed in the phloem of 
tobacco for long distance transport of metals [173].  
 
A HPLC-ICPMS study of reference tobacco 3R4F indicated the presence principally of As(V), 
broadly consistent with our XANES study of 1R4F, a sample prepared from a similar blend 
[9]. 
 
These data indicate that As(V) dominates in fresh tobacco leaf but that fermentation involves 
the reduction of some (or most) of the arsenic to As(III), a well-established process of 
detoxification by the plant [174, 175]. This process had not gone to completion in any of the 
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leaf samples studied but an increased relative proportion of As(III) is seen in all fermented 
samples. Tobacco intended for smoking, including reference materials and commercial 
products, all indicate that As(V) is prevalent with minor As(III) (Table 1, Fig.2). As(III) 
dominates only in one burdened and fermented tobacco sample (RCS132, Fig.2B). 
 
Combining all the XANES spectra of unsmoked tobacco it becomes clear that reduction of 
As(V) to As(III) is a detoxification feature that applies when levels of As are high in the plant. 
Unburdened leaf samples, reference materials and commercial products all have bulk As 
concentrations below 1 µg/g and these samples remain dominated by As(V) even after 
fermentation. Significant quantities of As(III) are found only in burdened tobacco leaf that in 
our experiments range from 8 to 236 µg/g As. These data suggest that oxidised forms of As 
will tend to dominate in the product globally, except possibly in regions where tobacco 
relatively enriched in As is grown due polluted environments and/or fertilisers [176]. 
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4.4.3 Valence state changes due to combustion 
 
Combustion has a marked effect on the valence state of As. This is clear from Fig.4.6 which 
emphasises the division of As between As(III) in smoke condensate and As(V) in residual 
ash. Notable is the absence of obvious mixtures of As(III) and As(V), and this outcome is 
consistent regardless of the valence balance of As in precursor tobacco. Earlier longer 
duration, lower resolution XANES studies[7-9] concluded that 3R4F smoke condensate is a 
mix of As(III) and As(V) but our shorter duration studies found no evidence for significant 
amounts of As(V) in smoke condensate, although we concur in finding that ash contains 
arsenic primarily in its oxidised state. 
  
It is clear that the environment generating the smoke aerosol behind the burning coal is 
strongly reducing, consistent with findings on the tobacco combustion and pyrolysis 
microenvironments [154, 166]. 
Thus smoking As(V)-dominated 
tobacco generates an As(III)-
dominated aerosol along with a 
residual ash dominated by As(V), 
as summarised in Fig.4.6, 
contrasting strongly with the 
“mixed” valence findings of Liu 
and co-workers [7]. Whether 
some of the ash has been 
through an intermediate stage of 
reduction cannot be determined 
from the XANES data. These 
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results are consistent whether burdened or unburdened tobacco is used in the experiments. 
 
 
Figure 4.6. Summary of changes in valence speciation of arsenic along the pathway from raw 
tobacco through curing and manufacture to combustion and the creation of smoke products 
(ash and respirable smoke condensate). Numbers refer to the XANES spectra detailed in Table 
1 and shown in Figs 2-4. Broken lines join different products of the same sample to emphasise 
the effect of combustion in effectively partitioning As(III) and As(V) between ash and smoke 
whatever the valence balance in precursor tobacco.  
 
4.4.4 Smoke ageing and oxidation 
 
From smoke formation to inhalation takes up to 2 seconds during which temperature falls 
from >700 °C to ambient. Inhaled and subsequent exhaled smoke undergo further ageing 
during which redox changes continue over about 15 minutes [166]. It has been argued that 
any As(III) produced during smoking and preserved in the smoke condensate fraction is 
transient and will rapidly oxidise during this interval [8]. The XANES spectra of those studies 
were obtained after 1-7 days and indeed are strongly oxidised except for samples that were 
stored under dry ice and appear to preserve significant amounts of the reduced species [7, 
9]. Here we also use XANES to examine the effects of smoke ageing by observing shifts in 
edge energy that may indicate oxidation, but over much shorter timescales. No significant 
shift related to oxidation was observed at room temperature over approximately 60 minutes 
that it took to smoke the cigarettes and to acquire their XANES spectra, an order of 
magnitude longer than it normally takes to smoke a cigarette [7, 8].  
 
4.4.5 Health implications 
 
Compared with dietary sources smoking tends to expose humans to smaller amounts of 
arsenic, but this study indicates that it is all essentially in the reduced state and published 
HPLC studies indicate that the large majority is inorganic [8]. Thus even low concentrations 
 Metals in Tobacco Smoke   110 
 
of arsenic in smoke may represent a significant source of exposure to reduced inorganic 
arsenic species, especially for heavy smokers. These findings are summarised in Fig.5. 
Exposure will be magnified in environments, most common in Asia, where As levels in 
tobacco may be significantly higher than is typical of major western manufacturers [157]. 
 
Using volunteers to smoke cigarettes impregnated with a solution of radioactive sodium 
arsenite (i.e. reduced arsenic) in the form of 74As it has been shown that nearly 90% of 
inhaled As is absorbed by the body and much of this occurs via the bronchial tree within the 
first day following exposure [177]. If the smoke condensate used in these XANES 
experiments faithfully represents the arsenic in the smoke aerosol delivered to the lungs then 
exposure will initially involve primarily inorganic As(III) species. Further research is required 
to gain a better understanding of the oxidation rates and the response of speciation to lung 
fluids and tissue. 
 
4.4.6 Regulatory implications 
 
Regardless of precursor species it appears that combustion invariably generates the most 
hazardous form of As in smoke, and XANES studies of unburdened and As burdened 
tobacco indicate that the process of reducing arsenic during combustion is effective over a 
far wider range of concentrations than might be expected in commercial tobacco crops. Thus 
these findings on As in cigarette smoking (but not oral use) add strong support to TobReg’s 
proposal that regulatory authorities should consider requiring manufacturers to test cured 
tobacco and commercial products for levels of As. The findings also suggest that As 
concentration in tobacco, relatively easily determined in most laboratories, may be a 
sufficient indication of the risk of exposure to arsenic without requiring the considerably more 
onerous analysis of speciation. 
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4.5 Results for chromium 
 
4.5.1 Experiments 
 
Chromium was analysed using the same experimental setup as used for arsenic, except the 
XANES spectra were collected at Cr K-alpha. See section 4.2 and Tables 4.1 and 4.2 for 
details. Tobacco samples were investigated during the 6601 experiments in 2011 and smoke 
products were analysed during 7744 experiments in 2012. Comparability between the 
experiments was ensured by running diamond, boron nitride and reference standards at the 
start of each experiment period as checks on blanks and energy calibration. Both sets of data 
were unified within the ATHENA data processing package. 
 
Chromium was typically difficult to locate 
in many of these samples. To facilitate 
finding chromium “hot spots” maps were 
produced using X-Y scans and used to 
locate potential chromium-bearing 
species. 
 
4.5.2 Reference standards 
 
The absorption edges of Cr(0), Cr(III) and 
Cr(VI) were defined using reference 
materials of Cr metal, CrCl3 and K2Cr2O7 
respectively (Fig.4.7). Multiple sample 
runs combined and processed to identify 
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Figure 4.7. XANES spectra for reference 
compounds. Grey bands are centred on the first 
derivative maxima in Cr metal, CrCl3 and 
K2Cr2O7, taken to indicate the edge energies of 
Cr(0), Cr(III) and Cr(VI) respectively, and are 
reproduced in all other XANES spectra for 
reference. Error is typically ±0.25eV. 
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the absorption edge energy. These reference energies are marked on each plot as vertical 
bands. 
 
4.5.3 Tobacco samples 
 
The XANES spectra for several different tobacco samples are shown in Fig.4.8. Small arrows 
indicate the energies for any edges detected during processing of the spectrum.  
 
1R4F and CTA-VTL-2 are US and Bulgarian tobacco reference standards used for smoke 
testing validation and as a trace element 
standard respectively Table 4.3. Their 
spectra (Fig.4.8) are broadly similar and 
the modelling identifies edge energies in 
the range associated with Cr(III) species. 
No evidence was found for the presence 
of Cr(0) or Cr(VI). 
 
Attempts were made to grow tobacco 
burdened with chromium. This was not as 
successful as growing As (and Cd) 
burdened tobacco. RCS114 is a sample 
of one such attempt and shows no 
enrichment of Cr (1.4 µg/g). Like the 
reference standards it has an absorption 
edge indicating the presence of Cr(III) 
species (Fig 4.8). 
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Figure 4.8. XANES spectra of various samples 
of reference tobaccos (CTA-VTLS-2, 1R4F), lab 
cultivated tobacco (RCS114), commercial 
brands (STA336) and illicit seizures (18/6 & 
18/21), some known to be rich in Cr. Arrows 
indicate edge energies of samples modelled by 
spectral processing. Grey bands indicate the 
edge energies of the principal Cr valencies 
obtained from reference samples (Fig.4.7). 
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Tobacco was extracted from cigarettes of a very popular US brand (Marlboro). This had 
slightly high Cr (2.9 µg/g, Table 4.3). Two separate points on the sample  STA336 A and B, 
Fig 4.8) indicate the presence of both Cr(III) and metallic Cr(0).  
 
18/6 and 18/21 are samples of illicit tobacco known to be enriched in Cr (67 and 12 µg/g 
respectively, Table 4.3). These are considerable enrichments over “normal” levels and the 
products are counterfeits of genuine UK brands. The XANES spectra (Fig.4.8) show both 
samples to have locations where the presence of Cr(III) species is indicated ((18/6 A and 
18/21 A) but also the presence of Cr(0) (18/6 B and 18/21 
B). No Cr(VI) was identified in any of these tobacco 
samples. 
 
The presence of Cr(0), especially in those samples with 
very high Cr, was investigated further. Cr(0) is typical of 
metal alloys and a XANES spectrum was obtained from a 
reference sample of steel (not shown) which showed a 
closely similar absorption edge.  These enriched tobacco 
samples were examined using an optical microscope and 
Sample Material Cr (µg/g) 
CTA-VTL-2 Polish Certified Reference Material for Virginia tobacco leaves 1.9 
1R4F Kentucky University Research Cigarette (standard for tar, nicotine, CO)  1.6 
RCS114 KT209 tobacco seed grown in Cr enriched soil 1.4 
STA336 Tobacco extracted from popular US brand (Marlboro) 2.9 
18/6 Tobacco extracted from seizure of illicit tobacco 67.0 
18/21 Tobacco extracted from seizure of illicit tobacco 12.0 
Table 4.3. Samples used in the XANES investigation of chromium in tobacco. 
Figure 4.9. Reflected light 
microscope image of a 
fragment of alloy embedded 
in a tobacco sample. Scale 
bar 100 µm. 
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small fragments of alloy were detected in some cases (Fig.4.9). It is assumed that these 
fragments are related to the wear of machinery used in manufacturing the cigarettes,     
 
4.5.4 Smoke products 
 
It proved exceptionally difficult to locate Cr-rich areas in the tar/smoke condensate fraction of 
smoking machine experiments, and similarly proved difficult to find in the ash fraction. The 
only productive area for Cr proved to be the filter tip although there were technical difficulties 
caused by interference between strong Ti K-lines raising the background around the Cr K 
absorption edge. Titanium oxide is widely used as a pigment in filter tips. 
  
One Cr-rich point was found in the smoke 
condensate (RCS133) and this proved to 
be Cr(0) (Fig.4.10). It could not be 
established whether this was a metallic 
fragment or a deposit condensed from the 
smoke.  
 
Two points analysed within the filter tips 
on RCS132 are shown in Fig.4.10. One is 
clearly Cr(III) whereas the other is 
suggestive of Cr(0) but this is tenuous. 
 
4.5.5 Significance of XANES results for Cr 
 
Cr proved less amenable to XANES characterisation but some clear patterns are very 
significant for the consideration of Cr as a significant smoke carcinogen.  
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4.10. XANES spectra of smoke condensate 
trapped by a filter in a smoking machine  
(RCS133) and in filter tips on the cigarette 
(RCS132). Arrows indicate edge energies of 
samples modelled by spectral processing. 
Grey bands indicate the edge energies of the 
principal Cr valencies obtained from reference 
samples (Fig.4.7). 
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No Cr(VI) was observed in any study of leaf or smoking product. It was possible that Cr(VI) 
might has been located in ash given that ash is the main repository of oxidised arsenic in 
smoked products, but no Cr at all was found. The only carcinogenic form of chromium is 
Cr(VI) and the failure to identify this in any of the materials studied suggests that the smoker 
may not be exposed to oxidised forms of Cr, and that Cr may not be a significant carcinogen 
in tobacco smoke. 
 
It is difficult to model the budget of Cr species when it is clear that significant quantities of Cr 
are derived from the wear of machines using Cr alloys (presumably steels). Cr(0) was found 
in top brand commercial tobaccos as well counterfeits where worn machinery might be 
expected. It is possible that a proportion of the Cr(0) in smoke condensate and filters is 
reduced Cr formed during combustion in a similar way to the creation of As(III), as discussed 
above. The present data cannot resolve this. Either way it is not likely to represent a risk to 
smokers. 
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5  Eh-pH Modelling of Metal Species 
 
 
 
 
 Metals in Tobacco Smoke   117 
 
5.1 Modelling assumptions 
 
In this section it is assumed that metals in tobacco smoke can be modelled approximately as 
simplified aqueous electrochemical systems. The purpose of the following models is to identify 
the stable phases most likely to exist under varying conditions of redox potential (Eh) and 
acidity/alkalinity (pH) as the forms in which metals are likely to be transported by smoke at one 
atmosphere pressure and a temperature representative of smoke exposure (25°C).  
 
Redox potential is the electromotive force between an electrode of noble metal and a reference 
electrode immersed in a solution.  Electromotive potential (E) is expressed in volts (mV), relative 
to SHE, the standard hydrogen electrode (Eh), which conventionally has zero potential (Eh = 0 
V). If other electrodes are used values can be converted to the SHE scale using published 
factors [178]. High redox potential values (Eh>0) indicate a system that tends to remove 
electrons thus oxidising the species. In contrast, reducing conditions are indicated when Eh<0, 
indicating the system’s supply electrons to the species. pH is a measure of hydrogen ion activity 
in solution on a logarithmic scale, to which acid-base reactions are sensitive.  
 
5.2 Pourbaix diagrams 
 
The Pourbaix diagram (also known as the Eh-pH diagram) spans the typical ranges of Eh and 
pH in the natural environment, bounded by the stability limits of water, and maps the boundaries 
between the predominant stable equilibrium phases. The construction is based on the relevant 
Nernst equations that in turn are derived from thermodynamics, providing information on the 
stable species at any given Eh and pH [179]. Being thermodynamically based there is an 
important limitation in that the diagram makes no allowance for reaction rates and kinetics. Eh-
pH diagrams are widely used in modelling (mainly inorganic) chemical features of aqueous 
environments. Use of these diagrams for modelling predicted species in ambient cigarette 
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smoke was recently suggested in studies published by scientists working for the tobacco 
industry [7, 8]. Here we use a similar modelling approach to predict the most thermodynamically 
stable form of a metal under specified Eh and pH conditions, its valence and whether it is likely 
to precipitate or remain in aqueous solution. These factors will strongly influence a metal’s 
capacity for absorption or deposition in the mouth, airways and lungs. 
 
The present study makes use of the Geochemist's Workbench® 10, a set of software tools 
developed for manipulating chemical reactions and calculating stability diagrams in aqueous 
solutions using comprehensive thermodynamic datasets [180]. 
 
5.3 Eh and pH conditions in smoke 
 
Smoke from a burning cigarette is an aerosol consisting of particulates dispersed in vapour 
including air. When considering the chemical environment for modelling it is important to be 
clear whether we are dealing with whole smoke, the vapour phase only, or the particulate phase 
only. Also it is important to distinguish mainstream smoke (MS) from sidestream smoke (SS), 
fresh smoke and aged smoke. 
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5.2.1 Eh and pH conditions in tobacco 
smoke at ambient temperatures 
 
The literature on Eh in tobacco smoke is 
sparse and the only one publication that 
include data has been located [181]. 
Fig.5.1a reproduces the data and shows 
how the vapour phase varies very little in 
redox potential and remains close to 
zero. Whole smoke on the other hand 
shows marked reducing potential with a 
steady decline from puff 2 from near zero 
to -0.09 V (90 mV). These data represent 
a single US commercial non-filter 
cigarette brand, and it is not known 
whether they are broadly representative 
of global cigarette brands, especially 
those with filters. 
 
More data are available for pH. Fig.6.1b 
reproduces data from a detailed study of 
pH in mainstream (MS) and sidestream 
(SS) smoke in cigars and cigarettes from different geographic regions [182]. (No data have 
been found for pH of the vapour phase alone.) The data suggest that pH in MS in cigarettes 
from most regions varies between about 5.6 and 6.2 with very little variation with puff 
number. However, mainstream smoke from cigars and French cigarettes is distinctly more 
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English and 
German 
cigarettes
Data interpolated from Schmeltz et al. (1977)
Data interpolated from 
Brunnemann & Hoffmann (1974)
(a)
(b)
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Figure 5.1 (a) Variation in Eh with puff number 
in a typical commercial cigarette for the US. 
(original data taken from graphs in Schmeltz 
et al., (1977). (b) Variations in pH with puff 
number in a range of cigarettes and cigars 
from different regions (original data taken 
from Brunnemann & Hoffmann, 1974). 
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alkaline with values (ignoring puff 1) between about 6.4 and 7.8. Interestingly this study found 
that sidestream smoke is significantly more alkaline than mainstream smoke. 
 
The role of smoking behaviour on 
smoke pH is examined in Fig. 5.2 by 
comparing the results for the ISO 
and Health Canada protocols 
applied to the same brands. Data for 
pH in MS from a wide variety of 
cigarette types and geographical 
regions has been compiled from a 
survey of Philip Morris brands 
worldwide [80] and some analyses 
from Health Canada available on the 
web.  
 
The histograms (Fig.5.2) clearly 
demonstrate that the more intense 
Health Canada smoking protocol of 
generates a more acid mainstream 
smoke with a lower mean pH that 
the ISO protocol (5.88 compared with 6.03, 2σ=0.34 in both cases). This is a small difference 
compared with overall variations, and the effect of smoking behaviour on pH is not an 
important factor in the modelling described below.  
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HEALTH CANADA 
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Mean pH = 5.88 ±0.34
ISO PROTOCOL
Mean pH = 6.03 ±0.34
Figure 5.2. Comparison of the frequency of pH 
values in mainstream smoke between cigarettes 
smoked under ISO and Health Canada protocols. 
See text for details.  
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Initial Eh and pH conditions of smoke in the burning coal of the cigarette are not well 
constrained. This is important as these factors may strongly influence the formation of 
species transferred in fresh smoke. Changes in Eh with smoke ageing after the final puff 
suggests that the aerosol continues to increase its reducing potential for a few minutes after 
smoking ceases reaching its lowest value of about -0.07 V, then gradually loses its reducing 
potential returning to about -0.01 V after about 30 minutes [181]. 
 
5.2.2 Tobacco smoke and the Eh-pH diagram 
 
Fig.5.3 is the Eh-pH diagram for Fe with the envelope encompassing tobacco smoke defined 
in section 5.2.1 superimposed in green. Solid and aqueous species are coloured differently 
(see key) and the dominant species for each field on the diagram is labelled. The diagram is 
bounded at the top by the oxidation of water to O2 and at the bottom by the reduction of 
water to H2. 
 
The field of smoke Eh-pH straddles the 
boundary between aqueous ionic Fe2+ 
and solid Fe2O3. Indeed pH=6, a value 
typical of most cigarette smoke, is right 
on this boundary suggesting that Fe is 
distributed between particulate and 
vapour phases in tobacco smoke.  
 
The diagram is also useful because it is 
often argued that Fe is implicated in 
Fenton reactions that may be damaging 
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Figure 5.3. Eh-pH diagram for Fe showing 
conditions for stable species, solid and 
aqueous forms, and the range of MS and SS 
tobacco smoke from cigars and cigarettes. 
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to cellular materials. However the large difference between smoke Eh-pH and the Eh-pH 
conditions at the Fe2+-Fe3+ boundary (highly acid and oxidising, Fig.5.3) suggests that Fenton 
reaction catalysis of free radicals is unlikely in tobacco smoke without involvement of an 
additional oxidising agent.  
 
5.3 Metals of toxicological interest 
 
Two recent reviews inform the choice of metals and metalloids to include in this review of Eh-
pH thermodynamic species stability. A comprehensive review led by RIVM identified 98 
hazardous smoke components based on an analysis of all known smoke components and 
their human health inhalation risks [1]. Of these 98 components 12 are metals or metalloids: 
§ Arsenic 
§ Beryllium 
§ Cadmium 
§ Chromium 
§ Cobalt 
§ Copper 
§ Lead 
§ Manganese 
§ Mercury 
§ Nickel 
§ 210Polonium (no thermodynamic data available for modelling) 
§ Selenium 
 
 Metals in Tobacco Smoke   123 
 
An analysis of this list by TobReg, an expert panel on tobacco regulation reporting to the 
WHO, highlighted four elements (underlined in the list above) as potentially warranting 
regulation in crops and smoking products [2]. 
 
The following sections are a series of Eh-pH models of the stable species in ambient smoke 
of those elements in the list of 12 for which adequate thermodynamic data exist, with a 
particular focus on the four elements highlighted by TobReg. Modelling conditions are set at 
activities of 10-3 or 10-4 M with no additional species using thermodynamic datasets “thermo” 
or “thermo.com.V8.R6+” at 25 °C and 1.013 bars. 
 
 
 
 
5.3.1 Eh-pH model for arsenic (Fig.5.4) 
 
The field for smoke falls almost entirely within the part of the diagram in which As(OH)3 is 
stable in solution, i.e. inorganic As(III). There is a very slight overlap onto As(V).The XANES 
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Figure 5.4. Eh-pH diagram for arsenic. Solid 
blue line added to emphasise Eh control on 
oxidation of As(III) to As(V). 
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Figure 5.5. Eh-pH diagram for beryllium. 
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study of the previous section concluded that smoke condensate was predominantly in the 
form of As(III). Arsenic has been studied in more detail than the other elements and this close 
agreement between a simple thermodynamic model and empirical testing of smoke products 
lends considerable confidence to the approach. The model predicts that the main arsenic 
phase in smoke is arsenous acid (As(OH)3) in solution, notably a toxic chemical used as a 
pesticide and herbicide. 
 
5.3.2 Eh-pH model for beryllium (Fig.5.5) 
 
The modelling clearly predicts that if beryllium is transported in tobacco smoke then it will be 
in the form of an oxide in the solid state. It requires an extremely acid solution (pH<2) to take 
beryllium into solution, well beyond anything likely in tobacco smoke.  
  
 
 
5.3.3 Eh-pH model for cadmium (Fig.5.6) 
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Figure 5.6. Eh-pH diagram for cadmium. Figure 5.7. Eh-pH diagram for chromium. Blue 
line divides hexavalent chromium species 
above from less toxic species below. 
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The model underlines the extent to which cadmium is controlled by pH. Under typical 
smoking conditions the Eh-pH diagram predicts that cadmium will be present in solution in 
smoke as the Cd2+ ion. Independently a XANES study of cadmium in tobacco, smoke and 
ash by scientists in the tobacco industry also concluded that cadmium is present in its Cd2+ 
(divalent) rather than its metallic state [183]. The resolution of the XANES spectra was not 
sufficiently good to discriminate ionic Cd in solution from Cd(OH)2. 
 
5.3.4 Eh-pH model for chromium (Fig. 5.7)   
 
The most toxic form of chromium is Cr(VI) (hexavalent). The Eh-pH model predicts that Cr in 
smoke will be present as Cr2O3 in the particulate phase, i.e. trivalent. Oxidising Cr to its 
hexavalent state could conceivably occur during combustion but there is no evidence for this 
in these models. This conclusion is supported by XANES studies of Cr in smoke condensate 
(section 4) where Cr was found only in Cr(III) and metallic (Cr(0)) states, the latter being 
traced to fragments of steel from machinery.  Again EH-pH modelling and XANES 
characterisation broadly concur. 
 
5.3.5 Eh-pH model for cobalt (Fig.5.8) 
 
The model predicts the presence of both the ions Co2+ and/or HCoO2- in solution depending 
on pH with HCoO2- favoured under only the more alkaline conditions of mainstream smoke 
from cigars and French cigarettes, and sidestream smoke from all cigarettes. Most 
mainstream smoke will have cobalt present in the aqueous phase as Co2+.  
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5.3.6 Eh-pH model for copper (Fig.5.9) 
 
The model predicts copper in all forms of 
smoke (mainstream and sidestream) to be 
present as metallic copper in the particulate 
phase.  
 
5.3.7 Eh-pH model for lead (Fig.5.10) 
 
The model predicts lead to be present in most 
mainstream smoke as Pb2+, although more 
alkaline smoke typical of cigars or sidestream 
smoke may include lead as Pb6(OH)84+. In both 
cases lead will be present in solution. 
 
 
 
 
Figure 5.8. Eh-pH diagram for cobalt. 
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Figure 5.10. Eh-pH diagram for lead. 
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Figure 5.9. Eh-pH diagram for copper. 
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5.3.8 Eh-pH model for manganese (Fig.5.11) 
 
The only manganese species predicted by the model is Mn2+ implying that all the manganese 
is present in aqueous solution. 
 
5.3.9 Eh-pH model for mercury (Fig.5.12) 
 
The Eh-pH diagram predicts that any mercury 
present in tobacco smoke will be present as 
pure mercury and is likely to be associated 
with the particulate phase. 
 
5.3.10 Eh-pH model for nickel (Fig.5.13) 
 
The model predicts that nickel in tobacco 
smoke will be present in solution as Ni2+ 
although the most alkaline of smoke 
associated with cigars and sidestream smoke may cross into the stability field of solid phase 
NiO.  
 
 
 
 
Figure 5.12. Eh-pH diagram for mercury. 
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Figure 5.11. Eh-pH diagram for manganese. 
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Figure 5.13. Eh-pH diagram for nickel. 
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5.3.11 Eh-pH model for selenium (Fig.5.14) 
 
Of the wide variety of possible selenium 
compounds the Eh-pH diagram predicts 
that selenium will be present in all types 
of smoke in the solid state as elemental 
selenium, transported as part of the 
particulate phase. 
 
 
 
 
 
 
 
5.4 Implications of Eh-pH modelling for toxicity of metals 
 
Potential toxicity related to these metals will be discussed in section 6 in greater detail but it 
is important to distinguish between those elements that are transported in solution and those 
that are particulates at 25 °C as this influence their absorption in lung fluids.    
 
Metals As, Cd, Co, Pb, Mn and Ni tend to exist as aqueous species in smoke at 25°C. Water 
is transported by tobacco smoke both the vapour phase (approximately 20 mg cig-1 in MS) 
and the particulate phase (approximately 3.5 mg cig-1 in MS) [17]. In contrast Be, Cr, Cu, Hg 
and Se are modelled as belonging exclusively to the particulate phase.  
 
It is noteworthy that the four metals and metalloids recommended for regulation by TobReg 
(As, Cd, Ni and Pb) are all predicted to be soluble as aqueous species in smoke at ambient 
temperatures. 
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Figure 5.14. Eh-pH diagram for selenium. 
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5.5 Cautionary remarks  
 
Despite apparent agreement between the models and experimental findings there are a 
number of factors not included in these simple models.  
 
Eh-pH modelling in this section was based on simple aqueous solutions for single metallic 
species without additional components and dissolved anions. While the composition of Cl, S, 
P etc are well known in tobacco these elements are rarely measured in tobacco smoke and 
thus there are few data with which to constrain Eh-pH models. Nevertheless it is likely that 
additional inorganic components will in some cases have a very large effect, e.g. in the 
smoking Eh-pH range some metals form ionic complexes with Cl while Hg forms a stable 
sulphide compounds with S. Analyses of concentrations of the more important anions in 
tobacco smoke are required before refining these models. 
 
Other components are also omitted in these models. Large numbers of organic compounds 
are present in smoke, some of which may react with metals and become involved in metal 
transfer and exposure. Heavy organic molecules probably form the substrates of most 
particulates onto which some metals may adsorb. Thus models that accurately reflect the 
dynamic chemistry of smoke exposure will need to take these factors into account. 
 
Also relevant is temperature. The smoke aerosol is initially created in the combustion zone at 
700-950°C and pyrolysis products are generated down to 200°C [154]. As oxygen is 
consumed by combustion with carbonized tobacco the initial smoke conditions are likely to 
be more reducing than is modelled in the range of smoke Eh used in this study, but no data 
are available [154]. Eh-pH modelling is possible for higher temperatures (up to 300°C in the 
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GWB package used) and the effects of higher temperatures on the model outcomes should 
be explored.   
 
The models are based on equilibrium thermodynamics and it is not certain that ambient 
mainstream smoke reaches equilibrium in the few seconds between creation and delivery to 
the lungs. Sidestream smoke may have a little longer to equilibrate.  
 
5.5 Conclusions 
 
§ Collated literature values for the redox potential and pH of tobacco smoke define a 
relatively restricted field on a standard Eh-pH diagram 
§ Cigars, some French cigarette blends and sidestream smoke are more alkaline than 
mainstream smoke from other (mainly western) cigarette blends. 
§ Redox potential of tobacco smoke becomes more reduced with increasing numbers 
of puffs. 
§ Synchrotron studies have so far determined the valence state of As and Cr in smoke 
condensate in situ, the results being As(III) and Cr(III). A synchrotron study of Cd in the 
literature indicates Cd is primarily in its Cd(II) state.  
§ Eh-pH modelling of the same elements predicts the same outcome for smoke at 
25°C. 
§ This agreement between modelling and experiment encourages Eh-pH modelling of 
other elements identified as possible hazards in tobacco smoke. 
§ The models predict that As, Cd, Co, Pb, Mn and Ni will tend to exist as aqueous 
species (all but As in ionic form) in smoke at 25°C whereas Be, Cr, Cu, Hg and Se 
are modelled as belonging exclusively to the particulate phase of smoke. 
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6  Synthesis and Conclusions 
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6.1 Pathway modelling and toxicity 
 
Many studies of metals (and metalloids) in tobacco and smoke have made a direct connection 
between a metal’s concentration and a toxic effect attributable to that metal. While a deficiency 
of that metal probably indicates that no toxicity will result from that element, the mere presence 
of an element is usually insufficient to judge its likely contribution to toxicity. A complex mixture 
like tobacco smoke involving interactions between thousands of components makes judging 
toxicity on the basis of a single component very risky. Nevertheless, in the absence of practical 
multicomponent models it still necessary to assess the possible contributions to toxicity of 
individual metals. 
 
Another weakness of assessing toxic potential on the simple basis of metal concentration is that 
it does not take into account bioavailability, reactivity and detoxification mechanisms. These are 
strongly influenced by metal species and exposure to pure metal is rare in the case of smoking. 
(Note that the modelling in 5.3.6 suggests Cu is transferred as the metal in the smoke 
particulate phase but this is an unusual case). Thus speciation, i.e. the chemical form in which 
humans are exposed to metals in smoke is crucial information for toxicological assessment. 
 
Of the metals and metalloids discussed above several exist in the natural environment in 
multiple valence states and as pure metals. In some case, notably As and Cr, there is a marked 
difference in toxicity between the valence states of the same element. The reduced form of 
arsenic (As(III)) is considerably more toxic than the oxidised form (As(V)), at least in dietary 
exposure, whereas the oxidised form of chromium (Cr(VI)) is highly toxic compared with the 
other more reduced valence states of this metal. Thus valence state is essential information in 
predicting the toxic potential. 
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Smoke is transferred as an aerosol comprising vapour and particulates. The principal solvent of 
metals is water that in turn is partitioned between vapour (85%) and particulates (15%) [154]. 
Absorption of metals in the respiratory tract will be strongly influenced by the availability of 
metals as dissolved ions. In an analogous way the deposition of metals among particulates in 
the airways will depend on the solid, liquid or solution form of the metal. Again such data are 
important in predicting the toxicity of a metal. 
 
The foregoing shows that detailed chemical speciation is essential information in assessing the 
toxicity of a given metal. It is also informative to understand the controls on speciation, whether 
derived from the original tobacco plant and its cultivation environment, or post-harvesting 
processing, or combustion and distillation, or possibly to some combination of these. An 
example is given below to illustrate how such modelling works for the valence state of arsenic 
(Fig.6.1). Details of this example are given in section 4.  
 
X-ray Absorption Near Edge Structure (XANES) was used to determine the valence states of As 
from the tobacco plant to the crucial combustion stage that creates respirable smoke. Samples 
studied include cultivated plants (some burdened with additional As), reference standards and 
commercial products, along with smoke condensate and ash from these samples. The relative 
contributions of As(III) and As(V) to the XANES spectra provide a consistent pattern of redox 
changes. Tobacco leaf and manufactured products tend to be dominated by As(V) whereas 
combustion produces respirable smoke invariably in As(III) form and ash invariably as As(V). 
The valence state of precursor tobacco is not a controlling factor because all the As mobilised in 
smoke is reduced during combustion. Thus tobacco combustion exposes smokers to potentially 
the most toxic forms of arsenic, and this exposure is magnified in regions where arsenic is 
present in tobacco crops at relatively high concentrations.  
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6.2 Implications for health 
 
The findings of this study can be interpreted in the context of published studies of the risk of 
cancer and other diseases due to individual smoke components [82, 184]. While such 
assessments are simplistic and ignore important factors such as synergistic action the 
calculated risks of individual hazardous compound span several orders of magnitude and their 
rank orders at least are informative.  
 
6.2.1 Summary of metals in smoke 
 
Figure 6.1. Model pathway of the variation in arsenic valence state (As(III) and As(V)) 
from cultivation to exposure, as described in detail in section 4. Note that As(III) is 
widely considered to be much more toxic than As(V) and that combustion converts 
the arsenic involved in combustion to the As(III) state prior to transfer in smoke. 
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Table 6.1 summarises the findings on metal species and valence in the context of health, in 
particular the IARC classification of carcinogens and other non-cancer adverse health effects. 
Also important in this context is the concentration of each metal in smoke, and the values listed 
are derived from various averages presented in the literature [17, 184, 185]. 
 
Element Predicted 
major 
species 
Predicted 
form in 
ambient 
smoke 
IARC Classification 
of carcinogens 
Other toxicity  
(list not 
comprehensive) 
ISO MS smoke 
(µg/g) 
   Group Form  min max 
Arsenic As(OH)3 Solution 1 Arsenic and 
inorganic 
arsenic 
compounds 
Cardiovascular, 
gastrointestinal, 
hepatic and renal 
diseases. 
0.004 0.100 
Beryllium BeO Solid 1 Beryllium 
and 
beryllium 
compounds 
Pulmonary disease 0.001 0.006 
Cadmium Cd2+ Ionic 
solution 
1 Cadmium 
and 
cadmium 
compounds 
Stomach irritation 
(vomiting and 
diarrhoea); lung 
damage; kidney 
diseases 
0.031 0.271 
Chromium Cr2O3 Solid 1 Cr(VI) 
compounds 
Blood, renal and 
liver diseases 
0.15 1.5 
Cobalt Co2+ (major) 
HCoO2- 
(minor) 
Ionic 
solution 
2B Cobalt and 
cobalt 
compounds 
Contact dermatitis 
mutagenic effects. 
0 0.4 
Copper Cu Solid Not known to be 
carcinogenic 
Blood, kidney, 
gastrointestinal 
disease 
0.013 0.013 
Lead Pb2+ (major) 
Pb6(OH)84+ 
(minor) 
Ionic 
solution 
2A Lead 
compounds 
(inorganic). 
Metallic lead 
(2B) 
Neurological 
damage; renal 
disease; 
cardiovascular and 
reproductive effects 
0.032 0.41 
Manganese Mn2+ Ionic 
solution 
Not known to be 
carcinogenic 
Neurological; liver 
function 
0.002 0.003 
Mercury Hg Solid 3 Mercury and 
inorganic 
mercury 
compounds 
Nervous system, 
kidney damage 
0.006 0.292 
Nickel Ni2+ Ionic 
solution 
1 Nickel 
compounds 
Skin disease, 
allergies 
0.001 0.887 
Selenium Se Solid 3 Selenium and 
selenium 
compounds 
Gastrointestinal 
disease, 
neurological 
damage 
0.002 0.319 
 Metals in Tobacco Smoke   136 
 
 
 
 
 
The data of Table 6.2 are graphically 
portrayed in Fig 6.2. The important elements 
in the figure are those that are present in 
smoke as ions in solution (i.e. the are more 
bioavailable) and are also emitted in high 
concentrations. Thus Cd and Pb qualify on 
this criterion along with Co and Ni at their 
higher levels of emission. As, though not 
modelled as an ion, does enter the aqueous 
phase as a solute and is also present in 
moderately high quantities. Cr, on the other 
hand, which is present in smoke in the 
greatest concentration, does not qualify as it 
is present as a solid oxide compound. Pure 
metals such as Hg, Se and Cu also do not 
qualify, and the oxide of Be also fails on 
grounds of very low emissions. 
 
This largely qualitative interpretation highlights five metals and metalloids, namely As, Cd, Co, 
Ni and Pb. Cr is excluded as it may not be as readily bioavailable. 
 
6.2.2 Metals and carcinogenesis 
Table 6.1. Summary of model outcomes in context of the IARC classification of carcinogens 
and other forms of toxicity, and the concentration range in smoke emissions. 
Figure 6.2. Ranges of mainstream smoke 
emissions (ISO) quoted in the literature for 
the metals analysed in this study. The range 
bars are annotated with the model species 
of each metal. 
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The qualitative approach does not take account of any quantitative estimates of toxicity and 
exposure. This is addressed using published estimates of risk indices for cancer, for which most 
data are available. Two similar approaches making use of different risk datasets (although some 
of the data have common roots) and difference emissions values have been published in the 
peer-reviewed literature. Fowles and Dybing (2003) was the first to show that cancer potency 
factors derived for air quality risk assessment could be used to estimate the “cancer risk index” 
of components in mainstream tobacco smoke [184]. Their data are reproduced here with 
adjustment for a transcriptional error for arsenic concentration in mainstream smoke. Behera et 
al. in a recent paper presented new data for metals in two US and two UK brands purchased in 
Singapore, and used the data to calculate the “incremental cancer risk” of individual metals [82]. 
A comparison of the two risk indices is presented in Figure 6.3, with the cancer risks spanning 
three orders of magnitude. Perfect agreement would mean all points falling along the dashed 
1:1 line. 
 
Figure 6.3 indicates high risks 
associated with Cr, Cd, As and Ni with 
lower risks associated with Be and Pb.  
Although Cr indicates the highest 
cancer risk the risk data are specifically 
associated with exposure to Cr(VI), i.e. 
hexavalent chromium, trivalent 
chromium having little or no toxicity in 
humans. It was established in section 4 
that Cr in smoke condensate is 
Figure 6.3. Comparison of values using two 
different cancer risk indices for various metals 
found in tobacco smoke. Dashed line indicates 1:1 
agreement. Incremental Lifetime Cancer Risk 
based on the mean analysis of four brands in the 
paper by Behera et al. (2014). Colour coding as in 
Fig.6.2. See text for more details.  
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primarily in Cr(III) state with minor particles of Cr(0) from steel fragments of machinery. No Cr(VI) 
was detected in the synchrotron studies. Thus Cr ought to be omitted from this comparison of 
cancer risk.  
 
In contrast As, an element that also exists in multiple valence states in nature, has been shown 
by the synchrotron studies (section 4) to be present in smoke condensate exclusively as As(III).  
The cancer risk comes entirely from As(III) in inorganic compounds, and section 3 showed that 
arsenic in tobacco is approximately 80% inorganic and 20% organic. Thus arsenic should be 
firmly established as one of the most important metallic carcinogens. 
 
The risk indices in Fig.6.3 favour Cd and Ni differently, nevertheless both rank highly in the list 
of metal carcinogens and both are present in smoke as bioavailable ions. 
 
Risk comparison ranks Be and Pb rather lowly. The low rank for beryllium stems from its 
generally low concentration in emissions. This fact coupled with its modelled presence in smoke 
as an oxide in the solid state indicate that Be is most probably not a significant carcinogen in 
tobacco smoke. Pb on the other hand is modelled as being a bioavailable divalent cation in 
smoke, but its carcinogenic risk factor is relatively low. These data suggest that Pb also should 
not be regarded as a major tobacco smoke carcinogen. 
 
Cobalt was not evaluated by Behera et al. (2014) but data in Fowles & Dybing (2003) suggest 
that it does not pose a major risk as a carcinogen.  
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In summary evaluation using data 
acquired in this study suggests that As, 
Cd and Ni should be regarded as the 
most important metal carcinogens in 
tobacco smoke. 
 
6.2.3 Non cancer toxicity of metals 
 
Using different factors Behera et al. 
(2014) developed an analogous risk 
index for non-cancer diseases and 
applied their model to four popular 
international brands purchased in 
Singapore [82].   
 
Fig.6.4 indicates that the risks of non-cancer disease posed by Cd and Pb in these samples are 
an order of magnitude greater than those for Be and Mg. Modelling results in section 5 indicate 
that neither Be nor Mg are likely to be present in smoke as aqueous species thus limiting their 
likely bioavailabilities, although metallic mercury is known to rapidly enter the bloodstream. 
 
No data are available for the risks posed by manganese and selenium in smoke. Normally 
manganese is regarded as a nutrient and neurological toxicity is associated with inhalation of 
welding fumes and dust or drinking water in which manganese is unusually concentrated. 
Although Mn2+ is likely to be bioavailable in smoke its very low concentration suggests that it is 
almost certainly not an important contributor to smoking-related disease. Similarly Selenium is 
an essential nutrient and is only toxic when taken in excess. Modelling predicts selenium to be 
stable in elemental form in smoke, and the smoke environment is insufficiently oxidising to 
Figure 6.4. Non-cancer risk index values for Be, 
Cd, Hg and Pb in four popular cigarette brands. 
Data from the paper by Behera et al. (2014). 
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favour soluble selenite and selenate forms of selenium. Thus it is unlikely to be bioavailable and 
its low concentration in smoke suggests that selenium is also not an important contributor to 
smoking-related disease. 
 
6.3 Implications for regulation 
 
Articles 9 and 10 of the WHO’s Framework Convention on Tobacco Control are concerned with 
the regulation of the contents of tobacco products and their disclosure, requiring the relevant 
authorities to “adopt and implement effective measures for public disclosure of information 
about the toxic constituents of the tobacco products and the emissions that they may produce” 
[186]. Achieving a consensus on these “toxic constituents” is a challenge. As any regulation of 
toxic constituents will impose burdensome requirements on the tobacco industry they can be 
expected to challenge each nominated constituent, including the metals identified in this study. 
There is already evidence for this in challenges to the various “Hoffmann lists” of analytes [185, 
187] in reviews published by scientists working for the tobacco industry [17, 188].  
 
One of the most cited lists of carcinogens (Hecht 2003) identifies 9 classes of chemicals in 
tobacco smoke, four of which are also present in unburned tobacco. Inorganic compounds 
(essentially the metals) are represented in both smoke and unburned tobacco. Thus metals are 
one of the most important classes of carcinogens and may well be important in other diseases. 
Clearly not all metals are implicated in smoking related disease and it is important to identify the 
subset of metals (and metalloids) that can be robustly defended using the best available 
scientific data. 
 
A major weakness hitherto is that reviews of metal carcinogenicity and toxicity in smoke have 
considered only the concentration of the metallic element, and are rarely able to take into 
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account associated compounds and valence state (some important elements vary from being 
non toxic to highly toxic with valence state). The present study has attempted to address some 
of these gaps using laboratory determinations of compound and valence species coupled with 
thermodynamic modelling based on knowledge of pH and redox conditions in smoke.  
 
In 2012 TobReg (see section 1.1) recommended for regulation a subset of four metals (As, Cd, 
Ni and Pb, excluding those metals included for their radioactive properties) following very 
detailed reviews of the available literature on carcinogenicity and toxicity [2]. The present report 
follows a different approach based on metal (metalloid) speciation. It is noteworthy that the 
conclusions in section 6.2 highlighted As, Cd and Ni as potentially important carcinogens with 
Cd (again) and Pb as important contributors to other smoking related disease. These are the 
same elements as those identified by TobReg. This investigation also finds that some other 
important IARC group 1 carcinogens such as Be and Cr are probably less important.  
 
The fact that these independent approaches agree on their highest priority carcinogenic and 
toxic metals is beyond coincidence, adding strength to the scientific case for regulating As, Cd, 
Ni and Pb in crops and products, as recommended by TobReg. 
 
In terms of practical implementation of regulating metals, the synchrotron studies are very 
important. As and Cr exist in different valence states with only As(III) and Cr(VI) being 
carcinogenic. Fig.6.1 summarises the investigation in this report into As valence state from 
cultivation to smoke condensate, and shows that combustion reduces all As(V) to As(III). The 
tobacco industry may argue that it is impractical to analyse crops and products using the most 
powerful synchrotrons in the world (as would be required for arsenic speciation), but this new 
evidence suggests that total As concentration, as inexpensively analysed by ICPMS, XRF etc. is 
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sufficient because all As that is transferred by smoke is reduced to As(III) by combustion (at least 
in this study). 
 
6.4 Research gaps and areas for further research 
 
In its review of the literature TobReg identified a number of research requirement, many of 
which relate to the toxicological response to metals (and metalloids) in smoke. Even in the 
narrower remit of this study many gaps exist, some of which are highlighted below: 
 
§ Extend the HPLC-ICPMS studies of As species in tobacco to other elements, especially 
Cd, Ni and Pb 
§ Apply a similar HPLC-ICPMS methodology to smoke condensate. This has been done 
successfully for As [8, 9, 67] and methods should be developed to extend it to other 
elements.  
§ Synchrotron studies, hitherto restricted to characterising valence state using XANES, 
should attempt to use extended X-ray absorption fine structure (eXAFS) in order to 
constrain the co-ordination chemistry of elements in the neighbourhood of the metal 
atom. This offers and opportunity to constrain the chemical species of metals in the 
smoke condensate in situ without the possibility of change due to chemical extraction. 
§ Thermodynamic modelling should be developed into more complex mixtures including 
important anions such as S and Cl. The possibility of including kinetic and surface 
adsorption factors should also be explored. 
§ Analogous studies on non-smoking tobacco products should be conducted to 
characterise speciation in saliva, etc. 
§ Some studies may require metal-burdened samples, either natural or cultivated. Our 
work showed that cultivation of tobacco in burdened soils produces enrichments in leaf 
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for As and Cd but burdening with Cr proved more difficult. Some other metals and 
metalloids may prove amenable to this approach. 
§ Now that methodologies have been developed for determining metal and metalloid 
species at low concentrations in smoke the logical next step is to characterise these 
elements in lung tissue following exposure of experimental animals to metal-enriched 
smoke. 
  
6.5 Conclusions 
 
This study has aimed to learn more about the nature of metals in tobacco and tobacco smoke. 
Not all elements could be studied in equal depth and the main focus of the research was 
arsenic. The principal conclusions from this research are: 
 
6.5.1 Methodologies 
 
§ An exceedingly powerful third generation synchrotron has proved capable of 
successfully characterising the valence species of metals and metalloids at sub ppm 
levels in a range of tobacco materials including in vivo tobacco leaf, processed tobacco, 
filters and ash, and most notably smoke condensate.  
§ HPLC-ICPMS has also proved a powerful technique for discriminating organic and 
inorganic species of arsenic in a wide range of tobaccos. The same methodologies 
should also be applicable to other elements in which organic and inorganic species have 
variable carcinogenic and toxic effects. 
§ Simple thermodynamic modelling of metals in smoke produced results consistent with 
laboratory measurements, although these are currently few in number and more 
complex modelling may be required as more laboratory constraints become available.  
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§ Cultivation of metal burdened tobacco plants was successful for some metals and 
detailed study of As showed that the chemical speciation of moderately burdened 
samples is similar to unburdened and commercial tobaccos. This approach makes it 
possible to apply methods of characterisation that require higher concentrations to 
function than is normally found in commercial tobacco products.  
 
6.5.2 Arsenic 
 
§ In tobacco plants arsenic is present at approximately 80% inorganic species and 20% 
organic species (primarily DMA and MA). Valence varies between largely As(III) and 
As(V) with most plants containing a mixture of these valencies. There is no relationship 
between valence balance and the nature of arsenic burdening (or none). 
§ Arsenic in cigarette tobacco tends to be present in its oxidised form As(V). 
§ Combustion of tobacco causes arsenic to become reduced entirely to As(III) in smoke 
condensate, and oxidise to As(V) in ash. Partitioning of oxidation state is complete and 
no mixture of valencies has been observed in any smoked tobacco product. 
§ Ageing of tobacco smoke for 30 minutes does not induce reduced As(III)-dominated 
smoke to oxidise to As(V). 
§ The data suggest that As may be an important smoke carcinogen. 
 
6.5.3 Chromium 
 
§ Synchrotron studies show Cr to be present in tobacco as Cr(III) and Cr(0). The metallic Cr 
appears to be associated with fragments of steel in tobacco presumably from processing 
machinery. 
§ Cr was very difficult to detect in smoke products, but one sample of cigarette filter did 
indicate the presence of Cr(III). No Cr(VI) was detected in any tobacco or smoke 
products. 
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§ The data suggest that not much Cr is mobilised in smoke and that little or none is in the 
carcinogenic hexavalent form and thus is unlikely to represent a significant hazard. 
 
6.5.4 Other metals and metalloids 
 
§ Modelling suggests that Cd (especially) and Ni could be important smoke carcinogens 
§ Modelling does not provide evidence for Be as a significant smoke carcinogen 
§ There is evidence that Pb may be significant toxic smoke component for non-cancer 
disease.  
§ The evidence is not sufficient to include Co, Se, Mn, Cu and Hg among toxic smoke 
components although more research is warranted, especially on Co. 
 
6.5.5 Regulation 
 
§ WHO’s expert panel TobReg listed four metals recommended for regulation, namely As, 
Cd, Ni and Pb. This report presents evidence in support of prioritising the same four 
metals. 
§ No evidence was found for the presence of Cr(VI) in smoke and thus the inclusion of Cr 
in the list of elements is not recommended.  
§ Similarly no evidence was found to support the inclusion of other carcinogens such as 
Be and highly toxic metals such as Hg. At present the evidence for Co is weak but 
warrants more research.  
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Appendix A1. Concentrations of As and Cr in reference standards of natural leaf materials
SAMPLE(S) MATERIAL As (µg/g) Cr (µg/g)
CTA OTL-1 Bulgarian tobacco 0.4 2.6
CTA VTL-2 Bulgarian tobacco 0.4 1.6
1R4F US tobacco 0.1 1.6
2R4F US tobacco 0.1 1.4
3R4F US tobacco 0.1 0.6
GBW08514 Chinese tobacco 0.6 1.6
GBW08515 Chinese tobacco 0.2 1.1
NIST SRM 1515 Apple leaves <0.1 0.03
NIST SRM 1547 Peach leaves 0.06 1
NIST SRM1570a Spinach leaves 0.068
NIST SRM 1573 Tomato leaves 0.112 1.99
NIST SRM 1575 Pine needles 0.039 0.3-0.5
Concentrations in CTA and NIST standards are recommended values, while 1R4F-
3R4F were determined by XRF.
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Appendix A2. Trace element analyses of cultivated tobacco plants
Sample Mg % Si% P % S % Sl % K % Ca % Ti % Cr µg/g Mn % Fe % Ni µg/gCu µg/g Zn µg/g As µg/g Br µg/g Rb µg/g Sr µg/g Cd µg/g Ba µg/g  
RCS101 0.79 0.05 0.38 0.64 0.99 3.95 2.57 0.001 0.4 0.002 0.007 0.8 20.1 31.4 0.6 20.6 28.7 38.8 0.4 16.0
RCS102 0.83 0.05 0.39 0.70 0.96 3.94 2.77 0.001 0.6 0.003 0.008 0.6 21.5 34.6 0.7 21.4 28.4 38.9 0.6 13.0
RCS103 0.84 0.06 0.38 0.74 0.92 3.90 2.95 0.001 0.3 0.003 0.009 < 0.5 24.4 36.5 0.8 20.9 27.5 40.3 0.8 11.6
RCS104 0.88 0.06 0.58 0.87 0.38 7.15 3.38 0.000 < 0.5 0.015 0.008 0.7 22.8 46.4 0.2 6.2 7.2 10.8 < 0.1 3.9
RCS105 0.80 0.04 0.54 0.87 0.32 7.25 3.42 0.000 0.4 0.014 0.011 0.7 18.3 35.1 < 0.1 6.4 7.6 10.3 0.1 3.4
RCS106 0.80 0.03 0.54 0.92 0.49 7.08 3.26 0.000 0.7 0.011 0.011 1.4 17.6 34.7 < 0.1 6.7 8.7 11.4 0.2 4.0
RCS107 0.78 0.06 0.54 0.82 0.45 7.36 3.02 0.000 3.5 0.013 0.012 < 1.0 22.5 44.4 < 1.0 5.7 9.2 10.8 0.2 2.9
RCS108 0.92 1.31 0.23 0.79 0.94 3.20 1.83 0.003 < 1.0 0.004 0.028 < 1.0 9.7 17.6 102.6 6.1 7.1 39.6 < 0.1 8.2
RCS109 0.84 0.06 0.42 0.74 1.02 3.10 3.14 0.001 0.4 0.003 0.006 0.7 20.3 30.6 0.7 28.3 38.1 43.6 0.6 12.4
RCS110 0.86 0.07 0.42 0.78 0.97 3.01 3.24 0.001 0.6 0.003 0.007 0.7 20.7 34.0 1.7 28.1 36.0 43.8 0.7 14.5
RCS111 0.73 0.09 0.32 0.61 0.72 2.25 2.38 0.001 0.7 0.002 0.006 < 0.4 16.0 26.5 0.9 19.1 22.3 31.6 0.6 7.2
RCS112 0.73 0.07 0.33 0.59 0.77 2.39 2.30 0.001 0.5 0.002 0.006 0.6 14.7 24.6 0.7 19.3 23.4 32.5 0.7 10.1
RCS113 0.73 0.10 0.39 0.82 0.91 3.82 2.63 0.001 0.8 0.002 0.006 0.7 16.9 26.9 0.7 16.9 35.1 38.8 0.6 12.6
RCS114 0.76 0.20 0.38 0.91 0.83 3.58 2.87 0.001 1.4 0.002 0.010 < 0.4 18.8 30.3 0.8 15.8 31.9 40.1 0.7 11.8
RCS115 0.86 0.03 0.24 0.46 0.47 3.57 2.81 0.000 0.4 0.005 0.007 0.6 9.1 24.6 < 1.0 9.1 10.4 48.0 0.5 5.0
RCS116 1.04 0.04 0.33 0.54 0.97 6.18 3.35 0.001 0.4 0.007 0.007 0.7 15.7 48.3 0.2 12.6 16.3 57.1 0.9 10.2
RCS117 1.05 0.04 0.26 0.42 0.45 3.60 3.17 0.000 0.4 0.009 0.006 < 0.4 10.3 29.3 0.1 10.6 12.5 53.9 0.6 7.1
RCS118 1.22 0.04 0.33 0.49 0.71 5.35 3.53 0.001 0.8 0.012 0.007 0.6 15.1 38.1 0.2 12.7 15.5 59.5 0.8 12.4
RCS119 0.83 0.06 0.21 0.53 1.40 3.36 1.15 0.000 0.6 0.009 0.005 < 0.4 8.1 21.2 9.9 33.7 6.4 24.5 0.1 2.4
RCS120 0.91 0.06 0.26 0.47 1.42 4.82 1.21 0.000 < 0.3 0.008 0.007 < 0.4 12.1 29.3 8.6 33.6 8.2 27.2 0.1 4.6
RCS121 1.29 0.09 0.16 0.47 2.04 4.14 1.82 0.001 < 0.4 0.006 0.009 < 0.4 11.9 36.0 6.3 47.3 10.6 37.9 0.5 6.4
RCS122 1.26 0.08 0.20 0.56 2.60 3.79 1.73 0.001 0.4 0.007 0.008 < 0.4 10.1 25.5 10.8 46.0 10.2 36.6 0.4 4.8
RCS123 0.61 0.06 0.06 0.34 1.05 1.36 1.35 0.000 0.4 0.002 0.008 < 0.3 8.0 7.3 13.5 24.6 4.0 23.7 0.1 4.9
RCS124 2.19 0.07 0.21 0.62 2.63 5.05 2.21 0.001 0.4 0.011 0.011 < 0.5 11.6 59.2 11.1 62.7 13.3 48.4 0.6 5.3
RCS125 0.59 0.24 0.41 0.84 0.84 3.72 1.64 0.001 0.4 0.002 0.007 < 0.5 28.6 32.1 246.0 15.5 35.9 22.8 0.4 7.3
RCS126 0.89 0.05 0.39 0.63 1.21 4.26 3.04 0.001 0.9 0.002 0.006 1.0 19.1 30.9 0.4 22.4 25.6 45.1 8.4 15.4
RCS127 0.92 0.10 0.40 0.73 1.10 4.17 3.30 0.001 < 0.4 0.002 0.009 0.7 22.4 37.5 0.7 21.3 22.7 44.9 9.5 14.4
RCS128 0.94 0.17 0.40 0.76 1.05 4.07 3.37 0.001 1.0 0.003 0.009 0.6 24.1 40.2 0.7 20.7 22.3 44.6 9.6 14.3
RCS129 0.80 0.02 0.23 0.44 2.22 4.20 1.13 0.000 0.6 0.010 0.005 0.5 11.5 50.6 < 1.0 38.3 11.7 22.1 20.9 5.8
RCS130 1.14 0.03 0.26 0.60 3.23 5.38 1.56 0.000 0.3 0.014 0.006 0.4 15.2 62.3 0.4 50.2 16.6 31.0 47.8 9.9
Analyses of inorganic elements in control and burdened tobacco leaves grown from KT209 seed under controlled greenhouse conditions. The unburdened control sample is 
RCS102. Other samples are variously burdened with As or Cr of different valencies and are described in Table 4.2 of the RIVM report. Note the success of the As burdening 
experiments in generating a range of As compositions in the bulk plant, and the failure of Cr to be taken up substantially into the plant.
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Appendix A3. Typical variation of As and Cr in cigarette tobacco
Sample Origin Status As µg/g Cr µg/g
STA336 US Marlboro (red top) Legal purchase 0.7 2.9
STA 426 UK Lambert & Butler Legal purchase 0.5 1.7
STA424 EU Marlboro Legal purchase 0.5 2.1
STA405 China Hongtashan Legal purchase 0.7 0.8
STA397 Chna Honghe Legal purchase 3.3 1.9
STA400 China Zhongnanhai Legal purchase 2.1 1.3
 8/1 Customs seizure Illegal 0.7 3.9
 12/11 Customs seizure Illegal 3.3 4.7
 15/4 Customs seizure Illegal 0 4.5
 18/10 Customs seizure Illegal 0.7 42.0
 18/21 Customs seizure Illegal 3.4 12
 18/5 Customs seizure Illegal 0.2 23.0
 18/6 Customs seizure Illegal 67.0
 19/14 Customs seizure Illegal 0.5 15.4
 20/28 Customs seizure Illegal 1.1 15.2
 21/11 Customs seizure Illegal 0.5 2.4
 21/7 Customs seizure Illegal 0.8 1.4
RCS102 Control tobacco leaf from KT209 seed Greenhouse grown 0.6 0.7
As and Cr concentrations in tobacco extracted from examples of authentic and illicit (usually counterfeit) 
brands of cigarettes marketed in different parts of the world. Note the tendency for high concentrations of As 
and Cr to occur in illicit brands.
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Appendix A4. Instrumental parameters and measurement conditions
HPLC (Aberden University)
Machine Agilent 1100 series
Injection Volume ( µL) 100
Flow Rate (mL min^-1) 1
Method Time (mins) 20
Temperature (°C) 20
Max Pressure (bar) 400
Min Pressure (bar) 0
Running Pressure (bar) 90
ICP-MS (Aberdeen University)
Machine Agilent 7500 series
RF Power (W) 1560
Ar pressure (PSI) 100
Coolant Ar Flow Rate (L min^-1) N/A
Auxiliary Ar Flow Rate (L min^-1)
Nebulizer Ar Flow Rate (L min^-1) 1.3
Sample Uptake Rate (µL min ^-1) 200
Nebulizer Meinhard
Spray Chamber
Sampler Cone Nickel
Skimmer Cone Nickel
ICP-MS (St Andrews University)
Thermo X series
RF Power (W) 1400
Ar pressure (psi) 100
Coolant Ar Flow Rate (L min^-1) 14
Auxiliary Ar Flow Rate (L min^-1) 1
Nebulizer Ar Flow Rate (bar) 2
Sample Uptake Rate (µL min ^-1) 400
Nebulizer PFA
Spray Chamber Thermo Glass Conical Impact Bead
Sampler Cone Ni
Skimmer Cone Ni-Xs
Dwell Time/ AMU (ms) 50-100
Sweeps/ Replicate 100
Replicates 3
Conditions for XANES and XRF analysis are presented in the Environmental Science 
and Technology paper and its Supplementary Information (Appendix B)
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Appendix A5. ICPMS analyses of trace elements in Certified Reference Materials for tobacco
Standard
Recc. 
value 
(µg/g)
s.d.
ICPMS 
value 
(µg/g)
s.d.
Recc. 
value 
(µg/g)
s.d.
ICPMS 
value 
(µg/g)
s.d.
Recc. 
value 
(µg/g)
s.d.
ICPMS 
value 
(µg/g)
s.d.
CTA-OTL-1 4470 210 4636 310 1740 290 1268 133 2892 134 2696 172
CTA-VTL-2 5100 230 5294 147 1682 2179 104 2204 78 2322 47
GBW 08514 5100 200 4678 172 2290 140 2252 60
GBW 08515 7400 400 7451 34 2580 150 2733 24
Standard
Recc. 
value 
(µg/g)
s.d.
ICPMS 
value 
(µg/g)
s.d.
Recc. 
value 
(µg/g)
s.d.
ICPMS 
value 
(µg/g)
s.d.
Recc. 
value 
(µg/g)
s.d.
ICPMS 
value 
(µg/g)
s.d.
CTA-OTL-1 15600 500 14930 412 3.08 0.42 2.20 0.14 2.59 0.32 2.31 0.13
CTA-VTL-2 1030 400 983 29 4.00 0.42 4.69 0.07 1.87 33.00 2.26 0.06
GBW 08514 2390 100 2356 69
GBW 08515 33100 33723 383 1.87 0.01 0.97 0.01 2.16 0.04 1.62 0.01
Standard
Recc. 
value 
(µg/g)
s.d.
ICPMS 
value 
(µg/g)
s.d.
Recc. 
value 
(µg/g)
s.d.
ICPMS 
value 
(µg/g)
s.d.
Recc. 
value 
(µg/g)
s.d.
ICPMS 
value 
(µg/g)
s.d.
CTA-OTL-1 0.88 0.04 0.88 0.05 6.32 0.65 6.52 0.39 14.10 0.50 13.74 0.73
CTA-VTL-2 0.43 0.03 0.42 0.01 1.98 0.21 1.39 0.07 18.20 0.90 19.53 0.46
GBW 08514 16.40 2.40 15.56 0.44
GBW 08515 0.96 0.01 0.76 0.00 2.23 0.05 1.55 0.01 17.40 1.40 17.09 0.28
Standard
Recc. 
value 
(µg/g)
s.d.
ICPMS 
value 
(µg/g)
s.d.
Recc. 
value 
(µg/g)
s.d.
ICPMS 
value 
(µg/g)
s.d.
Recc. 
value 
(µg/g)
s.d.
ICPMS 
value 
(µg/g)
s.d.
CTA-OTL-1 49.90 2.40 54.16 2.79 0.54 0.06 0.61 0.05 1.12 0.12 1.15 0.08
CTA-VTL-2 43.30 2.10 40.53 0.89 0.97 0.07 0.93 0.03 1.52 0.17 1.50 0.03
GBW 08514 28.60 2.00 25.77 0.75
GBW 08515 36.20 3.00 36.02 0.38 0.48 0.02 0.35 0.00 2.05 0.01 1.72 0.03
Standard
Recc. 
value 
(µg/g)
s.d.
ICPMS 
value 
(µg/g)
s.d.
Recc. 
value 
(µg/g)
s.d.
ICPMS 
value 
(µg/g)
s.d.
Recc. 
value 
(µg/g)
s.d.
ICPMS 
value 
(µg/g)
s.d.
CTA-OTL-1 4.91 0.80 3.73 0.19 989.00 817.46 46.92 0.26 0.28 0.02
CTA-VTL-2 22.10 1.20 22.24 0.14 1083.00 33.00 1141.06 48.85 2.01 0.15 2.01 0.03
GBW 08514 962.00 60.00 931.51 36.73
GBW 08515 1.63 0.04 0.30 0.01 1008.43 14.54 966.00 35.87 1.03 0.01 1.80 0.01
Standard
Recc. 
value 
(µg/g)
s.d.
ICPMS 
value 
(µg/g)
s.d.
Recc. 
value 
(µg/g)
s.d.
ICPMS 
value 
(µg/g)
s.d.
CTA-OTL-1 0.08 0.08 0.01
CTA-VTL-2 0.31 0.03 0.31 0.01 76.00 76.18 1.66
GBW 08514
GBW 08515 0.08 0.01 0.11 0.00 0.06 0.00 0.05 0.00
Pb Fe Mo
Sb Ti
Certified values for the CTA standards have been validated by many laboratores. It is less clear how well the GBW standards have 
been validated.
As Cd
Cr
Al Ni Cu
Zn
Mg Al P
K V
5
Appendix A6. Reference compounds used in XANES experiments
Element Species Catalogue no. Weight Supplier CAS no. State
As Sodium (meta)arsenite NaAsO2 71287-50G 50g Sigma-Aldrich 7784-46-5 solid
As Sodium arsenate dibasic heptahydrate Na2HAsO4 · 7H2O S9663-50G 50g Sigma-Aldrich 10048-95-0 solid
As Cacodylic acid (CH3)2As(O)OH 20835-50G-F 50g Sigma-Aldrich 75-60-5 solid
As Arsenobetaine C5H11AsO2 11093-50MG 50mg Sigma-Aldrich 64436-13-1 solid
As Monomethyl arsonic disodium salt CH3AsO3Na2 AR60009 500mg Argus 144-21-8 solid
As Arsenocholine C5H14AsBrO AR60010 500mg Argus 39895-81-3 solid
As Trimethylarsine oxide C3H9AsO AR60011 500mg Argus 4964-14-1 solid
As Dimethylarsenic iodide C2H6AsI AR60014 500mg Argus 676-75-5 liquid
As Tetramethylarsonicum bromide C4H12AsBr AR60015 500mg Argus ND solid
Cr Potassium dichromate K2Cr2O7 207802-100G 100g Sigma-Aldrich 7778-50-9 solid
Cr Chromium(III) chloride CrCl3 200050-25G 25g Sigma-Aldrich 10025-73-7 solid
Cd Cadmium(II) chloride CdCl2 20899-25G-F 25g Sigma-Aldrich 10108-64-2 solid
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Appendix A7. List of all XANES experiments for As and Cr run on the Diamond synchrotron.
ARSENIC Run numbers can be matched to notebook entries and filenames
Experimental session SP6601 on beamline i18. Summary of experiments
1st Run Last Run No. Sample Data OK? Cryo? Mode T/F Date Description
3035 3036 2 As2O3 OK N T 18-May Standard (Diamond's)
3037 3037 1 As2O3 Duff N T 18-May Standard (Diamond's)
3038 3038 1 As2O3 OK N T 18-May Standard (Diamond's)
3039 3039 1 As2O5 OK N T 18-May Standard (Diamond's)
3040 3040 1 As2O5 XANES only N T 18-May Standard (Diamond's)
3041 3041 1 As2O5 OK N T 18-May Standard (Diamond's)
3042 3042 1 RCS108 OK Y F 18-May 102.6 ppm As (RCJC)
3043 3045 3 RCS108 OK Y F 18-May 102.6 ppm As (RCJC)
3046 3047 2 RCS108 OK Y F 18-May 102.6 ppm As (RCJC)
3048 3048 1 RCS108 XANES only Y F 18-May 102.6 ppm As (RCJC)
3049 3049 1 RCS108 OK Y F 18-May 102.6 ppm As (RCJC)
3050 3050 1 BN blank OK Y F 18-May Blank (Procedural)
3051 3053 3 RCS123 OK Y F 18-May 13.5 ppm As (RCJC)
3054 3054 1 STA486 Short XANES Y F 18-May Genuine Honghe (WES)
3055 3055 1 STA486 Duff Y F 18-May Genuine Honghe (WES)
3056 3056 1 STA486 XANES only Y F 18-May Genuine Honghe (WES)
3057 3087 31 STA486 XANES only Y F 18-May Genuine Honghe (WES)
3088 3088 1 STA486 Short XANES Y F 18-May Genuine Honghe (WES)
3089 3089 1 Na2HAsO4 Duff N T 19-May Standard (Sigma-Aldrich)
3090 3091 2 Na2HAsO4 OK N T 19-May Standard (Sigma-Aldrich)
3092 3093 2 NaAsO2 OK N T 19-May Standard (Sigma-Aldrich)
3094 3094 1 Sellotape OK N T 19-May Blank (Procedural)
3095 3095 1 Arsenobetaine Duff N T 19-May Standard (Sigma-Aldrich)
3096 3096 1 Arsenobetaine OK N T 19-May Standard (Sigma-Aldrich)
3097 3097 1 Arsenobetaine Short XANES N T 19-May Standard (Sigma-Aldrich)
3098 3099 2 Arsenobetaine OK N T 19-May Standard (Sigma-Aldrich)
3100 3102 3 Cacodylic Acid OK N T 19-May Standard (Sigma-Aldrich)
3103 3104 2 TMAB OK N T 19-May Standard (Argus)
3105 3106 2 AsC OK N T 19-May Standard (Argus)
3107 3108 2 TMAO OK N T 19-May Standard (Argus)
3109 3110 2 MMA OK N T 19-May Standard (Argus)
3111 3111 1 RCS125 Duff Y T 19-May 246.0 ppm As (RCJC)
3112 3112 1 RCS125 Duff Y F 19-May 246.0 ppm As (RCJC)
3113 3113 1 RCS125 Duff Y F 19-May 246.0 ppm As (RCJC)
3114 3114 1 RCS125 Duff Y F 19-May 246.0 ppm As (RCJC)
3115 3115 1 RCS125 Duff Y F 19-May 246.0 ppm As (RCJC)
3116 3163 48 RCS125 OK Y F 19-May 246.0 ppm As (RCJC)
3164 3164 1 RCS125 Duff Y F 20-May 246.0 ppm As (RCJC)
3165 3167 3 RCS102 control Duff Y F 20-May Control 0.5 ppm As soil-grown (RCJC)
3168 3168 1 RCS102 control Duff Y F 20-May Control 0.5 ppm As soil-grown (RCJC)
3169 3169 1 RCS102 control OK Y F 20-May Control 0.5 ppm As soil-grown (RCJC)
3170 3170 1 RCS102 control OK Y F 20-May Control 0.5 ppm As soil-grown (RCJC)
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Appendix A7. List of all XANES experiments for As and Cr run on the Diamond synchrotron.
3171 3178 8 STA336 OK Y F 20-May US Marlboro Genuine (WES)
3179 3179 1 STA336 Duff Y F 20-May US Marlboro Genuine (WES)
3180 3180 1 CTA-VTL-2 Duff Y F 20-May Polish SRM tobacco
3181 3187 7 CTA-VTL-2 OK Y F 20-May Polish SRM tobacco
3188 3188 1 CTA-VTL-2 Duff Y F 20-May Polish SRM tobacco
3189 3194 6 RCS120 OK Y F 20-May 8.6 ppm As (RCJC)
3195 3195 1 RCS120 Duff Y F 20-May 8.6 ppm As (RCJC)
3196 3196 1 Arsenopyrite Duff N T 20-May Standard (G&G StAndrews)
3197 3197 1 Arsenopyrite Short XANES N T 20-May Standard (G&G StAndrews)
3198 3198 1 Arsenopyrite Duff N T 20-May Standard (G&G StAndrews)
3199 3199 1 Arsenopyrite OK N T 20-May Standard (G&G StAndrews)
3200 3200 1 Arsenopyrite OK N T 20-May Standard (G&G StAndrews)
Experimental session S7744 on beamline i18. Summary of experiments
1st Run Last Run No. Sample Outcome Cryo? Mode T/F Date Description
2481 2481 1 Au0 Standard OK (eXAFS) n T 28/06/2012 Tuning up, Au L3 edge
2482 2483 2 As2O5 standard Duff y F+T 28/06/2012 20% As2O5 in BN
2484 2493 10 As2O5 standard Duff y F+T 28/06/2012 5% As2O5 standard
2494 2496 3 As2O5 standard Good (eXAFS) y F 28/06/2012 5% As2O5 standard
2497 2497 1 BN Blank Good (XANES) y T 28/06/2012 BN Blank
2498 2498 1 PTFE filter As High Good (Map) y F 28/06/2012 PTFE filter High As on Plastic Slide
2499 2499 1 PTFE filter As High Duff y F 28/06/2012 PTFE filter High As on Plastic Slide
2500 2500 1 PTFE filter As High Pixel Duff y F 28/06/2012 PTFE filter As High Pixel on plastic slide
2501 2501 1 PTFE filter As High Pixel Good (XANES) y F 28/06/2012 PTFE filter As High Pixel on plastic slide
2502 2502 1 PTFE filter As High Pixel Good (XANES) y F 28/06/2012 PTFE filter As High Pixel on plastic slide
2503 2503 1 PTFE filter As High Good (Map) y F 28/06/2012 PTFE filter High As on Plastic Slide
2504 2504 1 PTFE filter As High Good (Map) y F 28/06/2012 PTFE filter High As on Plastic Slide
2505 2505 1 PTFE filter As High Pixel Fair (XANES) y F 28/06/2012 PTFE filter As High Pixel on plastic slide
2506 2506 1 PTFE filter As High Pixel Noisy (XANES) y F 28/06/2012 PTFE filter As High Pixel on plastic slide
2507 2507 1 PTFE filter Procedural Blank Good (XANES) y F 28/06/2012 PTFE Procedural Blank, + CFP in 44, on plastic slide
2508 2508 1 PTFE filter Procedural Blank Good (Map) y F 28/06/2012 PTFE Procedural Blank, + CFP in 44, on plastic slide
2509 2509 1 PTFE filter Procedural Blank Good (Map) y F 28/06/2012 PTFE Procedural Blank, + CFP in 44, on plastic slide
2510 2510 1 PTFE filter Procedural Blank Good (Map) y F 28/06/2012 PTFE Procedural Blank, + CFP in 44, on plastic slide
2511 2511 1 PTFE filter Procedural Blank Good (Map) y F 28/06/2012 PTFE Procedural Blank, + CFP in 44, on plastic slide
2512 2512 1 PTFE filter Procedural Blank Good (Map) y F 28/06/2012 PTFE Procedural Blank, + CFP in 44, on plastic slide
2513 2513 1 Glass Slide Duff y F 29/06/2012 Standard glass slide run by Tina
2514 2514 1 PTFE Blank Unused Filter Good y F 29/06/2012 PTFE Blank Unused Filter on plastic slide
2515 2515 1 PTFE B.U.F. On Ultrapure Quartz Good (Map) y F 29/06/2012 PTFE Blank Unused Filter on Ultrapure Quartz slide
2516 2516 1 PTFE Blank moist CFP back Good (Map) y F 29/06/2012 PTFE B.U.F. (transfer from moist CFP?) UQS
2517 2517 1 CFP B.U.F. On UQS Good (Map) y F 29/06/2012 CFP B.U.F. On UQS
2518 2520 3 Unknown Duff ? ? 29/06/2012 Unknown
2521 2521 1 As High FilterButt on UQS Good (Map) y F 29/06/2012 Central section of a As High Cig filterbutt
2522 2522 1 As High FilterButt on UQS Good (Map) y F 29/06/2012 Central section of a As High Cig filterbutt
2523 2523 1 Filter Butt Blank on UQS Good (Map) y F 29/06/2012 Tesco RYO Filter Butt Blank on UQS
2524 2524 1 Filter Butt Blank on UQS Good (Map) y F 29/06/2012 Tesco RYO Filter Butt Blank on UQS
2525 2527 3 Filter Butt Blank on UQS Duff y F 29/06/2012 Tesco RYO Filter Butt Blank on UQS
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2528 2528 1 Filter Butt Blank on UQS Good (Map) y F 29/06/2012 Tesco RYO Filter Butt Blank on UQS
2529 2529 1 Filter Butt Blank on UQS Good (XANES) y F 29/06/2012 Tesco RYO Filter Butt Blank on UQS
2530 2532 3 PTFE 47 As High 1 cig Condensate Good (Map) y F 29/06/2012 PTFE 47 As High 1 cig Condensate 
2533 2533 1 As High Ash Reground Duff y F 29/06/2012 As High Ash Reground
2534 2534 1 As High Ash Reground Good (Map) y F 29/06/2012 As High Ash Reground
2535 2535 1 As High Ash Reground Good (Map) y F 29/06/2012 As High Ash Reground overnight Map
2536 2536 1 As High Ash Reground Good (Map) y F 29/06/2012 As High Ash Reground overnight Map
2537 2537 1 As High Ash Reground Good (Map) y F 29/06/2012 As High Ash Reground overnight Map
2538 2538 1 As High Ash Reground Good (Map) y F 29/06/2012 As High Ash Reground overnight Map
2539 2539 1 As High Ash Reground Good (Map) y F 29/06/2012 As High Ash Reground overnight Map
2540 2540 1 As High Ash Reground Duff y F 30/06/2012 High pixel
2541 2543 3 As High Ash Reground Good (XANES) y F 30/06/2012 High pixel from 2535 (Map1)
2544 2544 1 1R4F Ash Good (Map) y F 30/06/2012 1R4F Ash
2545 2545 1 1R4F Ash Good (XANES) y F 30/06/2012 1R4F Ash High Pixel
2546 2562 17 1R4F Ash Duff y F 30/06/2012 1R4F Ash
2563 2563 1 KT209 Control1 Ash Good (Map) y F 30/06/2012 KT209 Control1 Ash Pellet
2564 2564 1 KT209 Control1 Ash Good (XANES) y F 30/06/2012 KT209 Control1 Ash Pellet
2565 2565 1 KT209 Control1 Ash Good (XANES) y F 30/06/2012 KT209 Control1 Ash Pellet
2566 2566 1 High As Tobacco Good (Map) y F 30/06/2012 High As Tobacco
2567 2568 2 High As Tobacco Good (XANES) y F 30/06/2012 High As Tobacco
2569 2569 1 High As Tobacco Duff y F 30/06/2012 High As Tobacco
2570 2570 1 High As Condensate Perforated PTFE Good (Map) y F 30/06/2012 High As Condensate Perforated PTFE
2571 2571 1 High As Condensate Perforated PTFE Good (XANES) y F 30/06/2012 High As Condensate Perforated PTFE High pixel
2572 2572 1 High As Condensate Perforated PTFE Good (XANES) y F 30/06/2012 High As Condensate Perforated PTFE High pixel
2573 2573 1 High As Condensate Perforated PTFE Good (Map) y F 30/06/2012 High As Condensate Perforated PTFE
2574 2575 2 High As Condensate Perforated PTFE Good (Map) y F 30/06/2012 High As Condensate Perforated PTFE
2576 2577 2 High As Condensate Perforated PTFE Duff y F 30/06/2012 High As Condensate Perforated PTFE
2578 2578 1 High As Condensate Perforated PTFE Good (Map) y F 30/06/2012 High As Condensate Perforated PTFE
2579 2579 1 High As Condensate Perforated PTFE Good (XANES) y F 30/06/2012 High As Condensate Perforated PTFE High pixel
2580 2580 1 High As Condensate Perforated PTFE Good (XANES) y F 30/06/2012 High As Condensate Perforated PTFE low pixel
2581 2582 2 High As filter tip (fresh) Duff y F 30/06/2012 High As filter (Mascot) tip (fresh tonight)
2583 2583 1 High As filter tip (fresh) Good (Map) y F 30/06/2012 High As filter (Mascot) tip (fresh tonight)
2584 2584 1 KT209 Control Condensate Perforated PTFE ? y F 30/06/2012 KT209 Control Condensate Perforated PTFE (fresh)
2585 2585 1 KT209 Control Condensate Perforated PTFE ? y F 30/06/2012 KT209 Control Condensate Perforated PTFE (fresh)
2586 2586 1 KT209 Control Condensate Perforated PTFE ? y F 30/06/2012 KT209 Control Condensate Perforated PTFE (fresh)
2587 2587 1 KT209 Control Condensate Perforated PTFE ? y F 30/06/2012 KT209 Control Condensate Perforated PTFE (fresh)
2588 2588 1 KT209 Control Condensate Perforated PTFE ? y F 30/06/2012 KT209 Control Condensate Perforated PTFE (fresh)
2589 2589 1 KT209 Control Condensate Perforated PTFE Good (XANES) y F 01/07/2012 KT209 Control Condensate Perforated PTFE (fresh) low peak
2590 2590 1 KT209 Control Condensate Perforated PTFE Good (XANES) y F 01/07/2012 KT209 Control Condensate Perforated PTFE (fresh) low peak
2591 2592 2 1R4F Smoke Perforated PTFE Good (XANES) y F 01/07/2012 1R4F Smoke Perforated PTFE tiny peak (no cryo, same point)
2593 2593 1 1R4F Smoke Perforated PTFE Noisy (XANES) y F 01/07/2012 1R4F Smoke Perforated PTFE tiny peak (no cryo, new point)
2594 2594 1 1R4F Smoke Perforated PTFE Duff y F 01/07/2012 1R4F Smoke Perforated PTFE tiny peak (no cryo, new point)
2595 2595 1 1R4F Smoke Perforated PTFE Poor (XANES) y F 01/07/2012 1R4F Smoke Perforated PTFE tiny peak (cryo, same point as 2593)
2596 2596 1 1R4F Smoke Perforated PTFE Good (XANES) y F 01/07/2012 1R4F Smoke Perforated PTFE tiny peak (cryo, same point as 2591/2)
2597 2597 1 1R4F Smoke Perforated PTFE Good (XANES) y F 01/07/2012 1R4F Smoke Perforated PTFE tiny peak (cryo, same point as 2591/2)
2598 2599 2 1R4F Smoke Perforated PTFE Duff y F 01/07/2012 1R4F Smoke Perforated PTFE tiny peak (cryo, new point)
2600 2603 4 High As Smoke Aging 1 cig 0 mins Duff y F 01/07/2012 High As Smoke Aging for 0 mins 1 cig under CO2(s) 
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2604 2604 1 High As Smoke Aging 1 cig 0 mins Good (XANES) y F 01/07/2012 High As Smoke Aging for 0 mins 1 cig under CO2(s) 
2605 2605 1 High As Smoke Aging 3 cigs 0 mins Good (XANES) y F 01/07/2012 High As Smoke Aging for 0 mins 3 cigs under CO2(s)
2606 2607 2 High As Smoke Aging 3 cigs 0 mins Duff y F 01/07/2012 High As Smoke Aging for 0 mins 3 cigs under CO2(s)
2608 2608 1 High As Smoke Aging 3 cigs 0 mins Good (Map) y F 01/07/2012 High As Smoke Aging for 0 mins 3 cigs under CO2(s)
2609 2609 1 High As Smoke Aging 3 cigs 0 mins Noisy (XANES) y F 01/07/2012 High As Smoke Aging for 0 mins 3 cigs under CO2(s)
2610 2610 1 High As Smoke Aging 3 cigs 0 mins Very Noisy (XANES y F 01/07/2012 High As Smoke Aging for 0 mins 3 cigs under CO2(s)
2611 2611 1 High As Smoke Aging 3 cigs 30 mins Good (XANES) y F 01/07/2012 High As Smoke Aging for 30 mins 3 cigs under CO2(s)
2612 2612 1 High As Smoke Aging 3 cigs 30 mins Good (Map) y F 01/07/2012 High As Smoke Aging for 30 mins 3 cigs under CO2(s)
2613 2614 2 High As Smoke Aging 3 cigs 30 mins Duff y F 01/07/2012 High As Smoke Aging for 30 mins 3 cigs under CO2(s)
2615 2615 1 High As Smoke Aging 3 cigs 30 mins Good (XANES) y F 01/07/2012 High As Smoke Aging for 30 mins 3 cigs under CO2(s)
2616 2617 2 1R4F Shredded Tobacco Duff y F 01/07/2012 1R4F Shredded Tobacco Pellet
2618 2618 1 1R4F Shredded Tobacco Good (XANES) y F 01/07/2012 1R4F Shredded Tobacco Pellet
2619 2619 1 1R4F Shredded Tobacco Noisy (XANES) y F 01/07/2012 1R4F Shredded Tobacco Pellet
2620 2620 1 1R4F Shredded Tobacco Good (XANES) y F 01/07/2012 1R4F Shredded Tobacco Pellet
2621 2621 1 1R4F Shredded Tobacco Noisy (XANES) y F 01/07/2012 1R4F Shredded Tobacco Pellet
2622 2622 1 1R4F Shredded Tobacco Good (XANES) y F 01/07/2012 1R4F Shredded Tobacco Pellet
CHROMIUM
Experimental session SP6601 on beamline i18. Summary of experiments
1st Run Last Run No. Sample Data OK? Cryo? Mode T/F Date Description
3201 3201 1 Chromium (0) Foil OK N T 20-May Standard (Diamond's)
3202 3202 1 Chromium (0) Foil OK N T 20-May Standard (Diamond's)
3203 3203 1 Chromium (0) Foil Duff N T 20-May Standard (Diamond's)
3204 3204 1 K2Cr2O4 (6) OK N T 20-May Standard (Sigma-Aldrich)
3205 3205 1 CrCl3 (3) OK N T 20-May Standard (Sigma-Aldrich)
3206 3206 1 K2Cr2O4 (6) OK N T 20-May Standard (Sigma-Aldrich)
3207 3207 1 CrCl3 (3) OK N T 20-May Standard (Sigma-Aldrich)
3208 3209 2 K2Cr2O4 (6) OK N T 20-May Standard (Sigma-Aldrich)
3210 3210 1 CrCl3 (3) OK N T 20-May Standard (Sigma-Aldrich)
3211 3211 1 CrCl3 (3) Duff N T 20-May Standard (Sigma-Aldrich)
3212 3212 1 BN blank Duff N F 20-May Blank (Procedural)
3213 3214 2 BN blank OK N F 20-May Blank (Procedural)
3215 3215 1 18/6 Tobacco OK N F 20-May Counterfeit seizure 67.0 ppm Cr (WES)
3216 3216 1 18/6 Tobacco Duff N T 20-May Counterfeit seizure 67.0 ppm Cr (WES)
3217 3217 1 18/6 Tobacco OK N F 20-May Counterfeit seizure 67.0 ppm Cr (WES)
3218 3218 1 18/6 Tobacco Duff N T 20-May Counterfeit seizure 67.0 ppm Cr (WES)
3219 3291 73 18/6 Tobacco OK N F 20-May Counterfeit seizure 67.0 ppm Cr (WES)
3292 3292 1 18/6 Tobacco Duff N F 20-May Counterfeit seizure 67.0 ppm Cr (WES)
3293 3294 2 18/6 Tobacco OK N F 21-May Counterfeit seizure 67.0 ppm Cr (WES)
3295 3296 2 Steel Die (Anvil) OK N F 21-May Vandium Chromium Steel (StA)
3297 3297 1 Diamond OK N F 21-May Blank (Procedural) (AF)
3298 3298 1 STA 336 OK N F 21-May US Marlboro Genuine (WES)
3299 3299 1 STA 336 Duff N F 21-May US Marlboro Genuine (WES)
3300 3300 1 STA 336 OK N F 21-May US Marlboro Genuine (WES)
3301 3301 1 STA 336 Duff N F 21-May US Marlboro Genuine (WES)
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3302 3302 1 STA 336 OK N F 21-May US Marlboro Genuine (WES)
3303 3303 1 STA 336 Duff N F 21-May US Marlboro Genuine (WES)
3304 3304 1 STA 336 OK N F 21-May US Marlboro Genuine (WES)
3305 3305 1 STA 336 Duff N F 21-May US Marlboro Genuine (WES)
3306 3306 1 STA 336 OK N F 21-May US Marlboro Genuine (WES)
3307 3307 1 STA 336 Duff N F 21-May US Marlboro Genuine (WES)
3308 3308 1 STA 336 OK N F 21-May US Marlboro Genuine (WES)
3309 3309 1 STA 336 Duff N F 21-May US Marlboro Genuine (WES)
3310 3310 1 STA 336 OK N F 21-May US Marlboro Genuine (WES)
3311 3311 1 STA 336 Duff N F 21-May US Marlboro Genuine (WES)
3312 3312 1 STA 336 OK N F 21-May US Marlboro Genuine (WES)
3313 3313 1 STA 336 Duff N F 21-May US Marlboro Genuine (WES)
3314 3314 1 STA 336 Ok N F 21-May US Marlboro Genuine (WES)
3315 3315 1 STA 336 Duff N F 21-May US Marlboro Genuine (WES)
3316 3316 1 STA 336 Duff N F 21-May US Marlboro Genuine (WES)
3317 3328 12 STA 336 OK N F 21-May US Marlboro Genuine (WES)
3329 3329 1 CTA-VTL-2 Duff N F 21-May Polish SRM tobacco
3330 3332 3 CTA-VTL-2 Duff N F 21-May Polish SRM tobacco
3333 3333 1 CTA-VTL-2 OK N F 21-May Polish SRM tobacco
3334 3334 1 CTA-VTL-2 Duff N F 21-May Polish SRM tobacco
3335 3335 1 CTA-VTL-2 OK N F 21-May Polish SRM tobacco
3336 3336 1 CTA-VTL-2 Duff N F 21-May Polish SRM tobacco
3337 3337 1 CTA-VTL-2 OK N F 21-May Polish SRM tobacco
3338 3338 1 CTA-VTL-2 Duff N F 21-May Polish SRM tobacco
3339 3339 1 CTA-VTL-2 OK N F 21-May Polish SRM tobacco
3340 3340 1 CTA-VTL-2 Duff N F 21-May Polish SRM tobacco
3341 3341 1 CTA-VTL-2 OK N F 21-May Polish SRM tobacco
3342 3342 1 CTA-VTL-2 Duff N F 21-May Polish SRM tobacco
3343 3343 1 CTA-VTL-2 OK N F 21-May Polish SRM tobacco
3344 3344 1 CTA-VTL-2 Duff N F 21-May Polish SRM tobacco
3345 3345 1 CTA-VTL-2 OK N F 21-May Polish SRM tobacco
3346 3346 1 CTA-VTL-2 Duff N F 21-May Polish SRM tobacco
3347 3347 1 CTA-VTL-2 OK N F 21-May Polish SRM tobacco
3348 3348 1 CTA-VTL-2 Duff N F 21-May Polish SRM tobacco
3349 3349 1 CTA-VTL-2 OK N F 21-May Polish SRM tobacco
3350 3350 1 CTA-VTL-2 Duff N F 21-May Polish SRM tobacco
3351 3351 1 CTA-VTL-2 OK N F 21-May Polish SRM tobacco
3352 3352 1 CTA-VTL-2 Duff N F 21-May Polish SRM tobacco
3353 3353 1 CTA-VTL-2 OK N F 21-May Polish SRM tobacco
3354 3354 1 CTA-VTL-2 Duff N F 21-May Polish SRM tobacco
3355 3355 1 CTA-VTL-2 OK N F 21-May Polish SRM tobacco
3356 3356 1 CTA-VTL-2 Duff N F 21-May Polish SRM tobacco
3357 3357 1 CTA-VTL-2 OK N F 21-May Polish SRM tobacco
3358 3358 1 CTA-VTL-2 Duff N F 21-May Polish SRM tobacco
3359 3359 1 CTA-VTL-2 OK N F 21-May Polish SRM tobacco
3360 3360 1 CTA-VTL-2 Duff N F 21-May Polish SRM tobacco
3361 3361 1 Cerussite OK N F 21-May Henrik sample fragment
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3362 3362 1 Cerussite OK N F 21-May Henrik sample fragment
3363 3363 1 Cerussite OK N F 21-May Henrik sample fragment
3364 3364 1 RCS102 control OK N F 21-May Control 0.6 ppm Cr soil-grown (RCJC)
3365 3365 1 RCS102 control OK N F 21-May Control 0.6 ppm Cr soil-grown (RCJC)
3366 3371 6 RCS114 OK N F 21-May 1.4 ppm Cr (RCJC)
3372 3372 1 RCS114 Duff N F 21-May 1.4 ppm Cr (RCJC)
3373 3373 1 RCS114 OK N F 21-May 1.4 ppm Cr (RCJC)
3374 3374 1 RCS114 Duff N F 21-May 1.4 ppm Cr (RCJC)
3375 3391 17 RCS114 OK N F 21-May 1.4 ppm Cr (RCJC)
3392 3392 1 RCS114 Duff N F 21-May 1.4 ppm Cr (RCJC)
3393 3422 30 RCS114 Duff N F 21-May 1.4 ppm Cr (RCJC)
3423 3423 1 1R4F Duff N F 22-May Research Cigarette Tobacco Standard
3424 3424 1 1R4F OK N F 22-May Research Cigarette Tobacco Standard
3425 3425 1 1R4F OK N F 22-May Research Cigarette Tobacco Standard
3426 3426 1 1R4F OK N F 22-May Research Cigarette Tobacco Standard
3427 3430 4 1R4F OK N F 22-May Research Cigarette Tobacco Standard
3431 3434 4 1R4F OK N F 22-May Research Cigarette Tobacco Standard
3435 3438 4 1R4F OK N F 22-May Research Cigarette Tobacco Standard
3439 3439 1 1R4F Duff N F 22-May Research Cigarette Tobacco Standard
3440 3440 1 Tomato leaves OK N F 22-May NIST CRM
3441 3444 4 Tomato leaves OK N F 22-May NIST CRM
3445 3448 4 Tomato leaves OK N F 22-May NIST CRM
3449 3449 1 Tomato leaves Duff N F 22-May NIST CRM
3450 3450 1 18/21 Duff N F 22-May Counterfeit seizure 12.0 ppm Cr (WES)
Experimental session S77944 on beamline i18. Summary of experiments
1st Run Last Run No. Sample Data OK? Cryo? Mode T/F Date Description
2623 2624 2 Cr0 Standard Good (XANES) y T 01/07/2012 Cr0 foil standard
2625 2634 10 CrVI  (K2Cr2O7) Standard Duff y T 02/07/2012 K2Cr2O7 standard
2635 2635 1 CrVI Standard Good (XANES) y T 02/07/2012 K2Cr2O7 standard
2636 2636 1 CrIII (CrCl3.6[H2O]) Standard Noisy (XANES) y T 02/07/2012 CrCl3.6[H2O] standard
2637 2637 1 CrIII (CrCl3.6[H2O]) Standard Good (eXAFS) n T 02/07/2012 CrCl3.6[H2O] standard
2638 2638 1 CrVI  (K2Cr2O7) Standard Good (XANES) n T 02/07/2012 K2Cr2O7 standard
2639 2639 1 CrIII (Cr2O3) Standard Good (eXAFS) n T 02/07/2012 Cr2O3 standard
2640 2640 1 1R4F Shredded Tobacco Good (Map) y T 02/07/2012 1R4F Shredded Tobacco Pellet
2641 2642 2 1R4F Shredded Tobacco Duff y T 02/07/2012 1R4F Shredded Tobacco Pellet
2643 2643 1 High Cr Smoke 3Cigs Good (Map) y T 02/07/2012 High Cr Smoke 3Cigs on Perforated PTFE
2644 2646 3 High Cr Smoke 3Cigs Duff y T 02/07/2012 High Cr Smoke 3Cigs on Perforated PTFE
2647 2647 1 KT209 Control Smoke 5Cigs Good (Map) y T 02/07/2012 KT209 Control Smoke 5Cigs on perforated PTFE
2648 2648 1 KT209 Control Smoke 5Cigs Duff y T 02/07/2012 KT209 Control Smoke 5Cigs on perforated PTFE
2649 2649 1 KT209 Control Smoke 5Cigs Good (Map) y T 02/07/2012 KT209 Control Smoke 5Cigs on perforated PTFE
2650 2650 1 KT209 Control Smoke 5Cigs Duff y T 02/07/2012 KT209 Control Smoke 5Cigs on perforated PTFE
2651 2651 1 KT209 Control Smoke 5Cigs Duff y T 02/07/2012 KT209 Control Smoke 5Cigs on perforated PTFE
2652 2652 1 KT209 Control Smoke 5Cigs Good (Map) y T 02/07/2012 KT209 Control Smoke 5Cigs on perforated PTFE
2653 2654 2 KT209 Control Smoke 5Cigs Duff y T 02/07/2012 KT209 Control Smoke 5Cigs on perforated PTFE
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2655 2655 1 KT209 Control Smoke 5Cigs Noisy (XANES) y T 02/07/2012 KT209 Control Smoke 5Cigs on perforated PTFE
2656 2656 1 KT209 Control Ash Good (Map) y T 02/07/2012 KT209 Control Ash
2657 2657 1 High As filter tip Good (Map) y T 02/07/2012 High As filter tip (RIVM)
2658 2658 1 High As filter tip Good (Map) y T 02/07/2012 High As filter tip (RIVM)
2659 2659 1 High As filter tip Noisy (XANES) y T 02/07/2012 High As filter tip (RIVM)
2660 2660 1 High As filter tip Noisy (XANES) y T 02/07/2012 High As filter tip (RIVM)
2661 2675 15 High As filter tip Noisy (XANES) y T 02/07/2012 High As filter tip (RIVM) Multiscan
2676 2678 3 High As filter tip Duff n T 02/07/2012 High As filter tip (RIVM)
2679 -2678 High As filter tip n T 02/07/2012 High As filter tip (RIVM)
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Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
11719.3 0.0016101 11719.3 4.30E-03 11719.3 1.41E-03 11719.3 3.56E-04 11719.3 3.13E-03
11724.9 0.0012279 11724.9 2.37E-03 11724.9 1.74E-03 11724.9 2.94E-04 11724.9 1.97E-03
11730.5 0.00057138 11730.5 3.52E-04 11730.5 4.61E-04 11730.5 2.37E-04 11730.4 2.26E-03
11736.1 0.00055346 11736.1 1.72E-04 11736.1 4.64E-04 11736.0 1.66E-04 11736.0 1.20E-03
11741.7 0.00037548 11741.8 1.20E-03 11741.7 4.08E-04 11741.7 1.02E-04 11741.7 7.73E-04
11747.4 0.00015772 11747.4 5.02E-04 11747.4 4.12E-04 11747.3 1.91E-05 11747.3 3.80E-04
11753.0 0.00019378 11753.0 -2.03E-03 11753.0 3.11E-04 11752.9 -5.57E-05 11752.9 -1.49E-04
11758.7 -0.00015809 11758.7 -2.21E-03 11758.7 -6.66E-04 11758.5 -7.29E-05 11758.5 -3.18E-04
11764.3 -0.00050175 11764.3 -1.68E-03 11764.3 -1.34E-03 11764.2 -1.55E-04 11764.2 -3.65E-04
11770.0 -0.00138392 11770.0 -5.78E-04 11770.0 -1.05E-03 11769.8 -1.85E-04 11769.8 -1.19E-03
11775.6 -0.00160525 11775.6 -6.23E-04 11775.6 -8.62E-04 11775.4 -2.30E-04 11775.4 -3.53E-04
11781.3 -0.00123914 11781.3 -1.31E-03 11781.3 -1.08E-03 11781.1 -3.06E-04 11781.1 -1.85E-03
11787.0 -0.00121215 11787.0 -1.85E-03 11787.0 -1.06E-03 11786.7 -3.28E-04 11786.7 -1.63E-03
11792.7 -0.00124173 11792.7 -1.69E-03 11792.7 -1.11E-03 11792.4 -3.22E-04 11792.4 -1.71E-03
11798.3 -0.00099189 11798.3 -1.23E-03 11798.3 -6.81E-04 11798.0 -3.59E-04 11798.1 -2.22E-03
11804.0 -0.00064765 11804.0 -2.00E-03 11804.0 -1.82E-03 11803.7 -3.19E-04 11803.7 -1.54E-03
11809.7 -0.00084431 11809.7 -1.52E-03 11809.7 -1.40E-03 11809.4 -2.49E-04 11809.4 -1.90E-03
11815.4 -0.00052951 11815.4 -5.03E-04 11815.4 -2.95E-04 11815.1 -1.77E-04 11815.1 -1.44E-03
11821.1 -8.1806E-05 11821.1 -2.66E-04 11821.1 -2.17E-04 11820.8 -1.09E-05 11820.8 -3.20E-04
11826.9 0.00069169 11826.8 7.94E-04 11826.9 6.92E-04 11826.5 1.79E-04 11826.5 -2.03E-04
11832.6 0.00168145 11832.6 -2.87E-04 11832.6 1.95E-03 11832.1 4.73E-04 11832.1 7.40E-04
11838.3 0.00337423 11838.3 2.99E-03 11838.3 3.74E-03 11837.8 9.41E-04 11837.8 2.51E-03
11844.0 0.00574174 11844.0 5.10E-03 11844.0 8.16E-03 11843.6 1.77E-03 11843.6 5.36E-03
11851.0 0.01112761 11851.0 1.05E-02 11851.0 1.71E-02 11851.0 3.99E-03 11851.0 1.33E-02
11851.5 0.01051507 11851.5 1.08E-02 11851.5 1.80E-02 11851.5 4.18E-03 11851.5 1.36E-02
11852.0 0.01045616 11852.0 9.70E-03 11852.0 1.91E-02 11852.0 4.47E-03 11852.0 1.36E-02
11852.4 0.01007958 11852.4 7.31E-03 11852.4 1.92E-02 11852.4 4.74E-03 11852.4 1.44E-02
11852.9 0.01011014 11852.9 9.13E-03 11852.9 1.99E-02 11852.9 5.00E-03 11852.9 1.53E-02
11853.4 0.0097976 11853.4 4.76E-03 11853.4 2.13E-02 11853.4 5.28E-03 11853.4 1.53E-02
11853.9 0.00961243 11853.9 3.91E-03 11853.9 2.39E-02 11853.9 5.58E-03 11853.9 1.63E-02
11854.4 0.00984353 11854.4 5.05E-03 11854.4 2.51E-02 11854.4 5.97E-03 11854.4 1.67E-02
11854.9 0.00993525 11854.9 5.29E-03 11854.9 2.72E-02 11854.9 6.36E-03 11854.9 1.79E-02
11855.4 0.01015099 11855.4 3.22E-03 11855.4 3.02E-02 11855.4 6.80E-03 11855.4 1.85E-02
11855.9 0.01046237 11855.9 3.95E-03 11855.9 3.15E-02 11855.9 7.32E-03 11855.9 1.93E-02
11856.4 0.01091582 11856.4 4.46E-03 11856.3 3.40E-02 11856.4 7.85E-03 11856.3 2.01E-02
11856.8 0.01202788 11856.8 5.01E-03 11856.8 3.78E-02 11856.9 8.45E-03 11856.8 2.07E-02
11857.3 0.0124063 11857.3 4.97E-03 11857.3 3.96E-02 11857.3 9.08E-03 11857.3 2.24E-02
11857.8 0.0132954 11857.8 4.70E-03 11857.8 4.31E-02 11857.8 9.85E-03 11857.8 2.36E-02
11858.3 0.01435042 11858.3 5.40E-03 11858.3 4.78E-02 11858.3 1.06E-02 11858.3 2.52E-02
11858.8 0.01558638 11858.8 4.08E-03 11858.8 5.23E-02 11858.8 1.15E-02 11858.8 2.67E-02
11859.3 0.01769643 11859.3 5.53E-03 11859.3 5.80E-02 11859.3 1.25E-02 11859.3 2.81E-02
11859.8 0.0193197 11859.8 5.62E-03 11859.8 6.53E-02 11859.8 1.37E-02 11859.8 3.03E-02
11860.3 0.02167499 11860.3 6.81E-03 11860.3 7.23E-02 11860.3 1.51E-02 11860.3 3.26E-02
11860.8 0.02401024 11860.8 9.85E-03 11860.8 8.21E-02 11860.8 1.67E-02 11860.8 3.52E-02
11861.2 0.02697149 11861.2 1.38E-02 11861.3 9.29E-02 11861.2 1.86E-02 11861.2 3.78E-02
11861.7 0.03004461 11861.7 1.39E-02 11861.7 0.10701583 11861.7 2.07E-02 11861.7 4.15E-02
11862.2 0.03409313 11862.2 1.90E-02 11862.2 0.12468756 11862.2 2.33E-02 11862.2 4.46E-02
11862.7 0.03856794 11862.7 2.28E-02 11862.7 0.14886818 11862.7 2.67E-02 11862.7 4.88E-02
11863.2 0.0440418 11863.2 2.75E-02 11863.2 0.17988974 11863.2 3.04E-02 11863.2 5.42E-02
11863.7 0.05009474 11863.7 3.35E-02 11863.7 0.21889871 11863.7 3.56E-02 11863.7 5.96E-02
11864.2 0.05854871 11864.2 3.80E-02 11864.2 0.27396301 11864.2 4.12E-02 11864.2 6.53E-02
11864.7 0.06732255 11864.7 4.65E-02 11864.7 0.34787892 11864.7 4.88E-02 11864.7 7.22E-02
11865.2 0.08017354 11865.2 5.64E-02 11865.2 0.47136499 11865.2 5.86E-02 11865.2 8.02E-02
11865.7 0.09611669 11865.7 6.95E-02 11865.7 0.63771003 11865.7 7.29E-02 11865.7 9.05E-02
11866.1 0.11836478 11866.1 8.44E-02 11866.1 0.9104298 11866.1 9.11E-02 11866.1 0.1015593
11866.6 0.14861232 11866.6 0.10381646 11866.6 1.231147 11866.6 0.12205128 11866.6 0.11751477
11867.1 0.19062669 11867.1 0.12940816 11867.1 1.6296516 11867.1 0.17281021 11867.1 0.13476964
11867.6 0.24456679 11867.6 0.16492231 11867.6 1.9246511 11867.6 0.25869979 11867.6 0.15810903
11868.1 0.32166117 11868.1 0.21455014 11868.1 2.1150359 11868.1 0.41697474 11868.1 0.18657477
11868.6 0.43891353 11868.6 0.29320843 11868.6 2.1258713 11868.6 0.6974793 11868.6 0.2275484
11869.1 0.6292826 11869.1 0.39785427 11869.1 1.9975056 11869.1 1.2988363 11869.1 0.28006479
11869.6 0.91586457 11869.6 0.59215662 11869.6 1.7971348 11869.6 2.1218999 11869.6 0.35976939
11870.1 1.3413472 11870.1 0.85442002 11870.1 1.5677293 11870.1 2.7921969 11870.1 0.46110701
11870.6 1.7684974 11870.6 1.2601039 11870.6 1.3292562 11870.5 3.0671998 11870.6 0.59401751
11871.0 2.1244784 11871.0 1.773702 11871.0 1.1489236 11871.0 3.0938635 11871.0 0.79731062
11871.5 2.2871151 11871.5 2.3263667 11871.5 1.0007888 11871.5 2.9901515 11871.5 1.0322904
11872.0 2.3732368 11872.0 2.7880917 11872.0 0.9221238 11872.0 2.8341959 11872.0 1.4469481
11872.5 2.4613845 11872.5 3.0896905 11872.5 0.89726017 11872.5 2.6148899 11872.5 2.1604465
Arsenbetaine Arsenocholine Arsenopyrite As2O3 As2O5
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11873.0 2.6119797 11873.0 3.210983 11873.0 0.91547838 11873.0 2.4716553 11873.0 3.4086164
11873.5 2.8397503 11873.5 3.204282 11873.5 0.94929642 11873.5 2.3575698 11873.5 5.516205
11874.0 3.0022708 11874.0 3.0764405 11874.0 0.99351974 11874.0 2.257198 11874.0 7.7469361
11874.5 2.937214 11874.5 2.8410672 11874.5 1.0303951 11874.5 2.1173535 11874.5 9.5790381
11875.0 2.6049724 11875.0 2.5233787 11875.0 1.0590773 11875.0 1.9143334 11875.0 9.1098971
11875.4 2.1863148 11875.5 2.208913 11875.5 1.0758555 11875.4 1.7040156 11875.5 7.3041686
11875.9 1.8243764 11875.9 1.9665857 11876.0 1.0831515 11876.0 1.4830759 11875.9 5.6791009
11876.4 1.5449774 11876.4 1.7542103 11876.4 1.0821939 11876.4 1.3279007 11876.4 4.3763034
11876.9 1.3863703 11876.9 1.6294084 11876.9 1.0764822 11876.9 1.2094819 11876.9 3.4925847
11877.4 1.2611169 11877.4 1.5397878 11877.4 1.0728622 11877.4 1.1355515 11877.4 2.8753026
11877.9 1.1918514 11877.9 1.481371 11877.9 1.0711161 11877.9 1.0947064 11877.9 2.4426781
11878.4 1.1465897 11878.4 1.4416223 11878.4 1.0736489 11878.4 1.0880439 11878.4 2.1700744
11878.9 1.1269349 11878.9 1.4170625 11878.9 1.0781222 11878.9 1.1111882 11878.9 1.9398496
11879.4 1.1263612 11879.4 1.401474 11879.4 1.0861915 11879.4 1.1746958 11879.4 1.8122846
11879.9 1.1415723 11879.9 1.3965162 11879.9 1.0974837 11879.9 1.2635674 11879.9 1.7131495
11880.4 1.1616892 11880.4 1.3961859 11880.4 1.1053132 11880.4 1.367898 11880.4 1.6421945
11880.9 1.1852722 11880.9 1.3989999 11880.8 1.1178069 11880.8 1.4485416 11880.8 1.5926921
11881.3 1.2013694 11881.3 1.4032547 11881.3 1.1236767 11881.4 1.4963947 11881.3 1.5550395
11881.8 1.2082256 11881.8 1.4024132 11881.8 1.1283543 11881.8 1.5009845 11881.8 1.5325694
11882.3 1.2086271 11882.3 1.4018639 11882.3 1.1328452 11882.3 1.4756464 11882.3 1.5166573
11882.8 1.2025624 11882.8 1.4016923 11882.8 1.1294947 11882.8 1.4317336 11882.8 1.5058595
11883.3 1.1936763 11883.3 1.3949816 11883.3 1.1303116 11883.3 1.3772389 11883.3 1.5001942
11883.8 1.1876984 11883.8 1.3877582 11883.8 1.1264929 11883.8 1.3291763 11883.8 1.4942485
11884.3 1.177712 11884.3 1.3760311 11884.3 1.1181971 11884.3 1.2864363 11884.3 1.4913096
11884.8 1.1695107 11884.8 1.3661042 11884.8 1.1142514 11884.8 1.2561458 11884.8 1.4906588
11885.3 1.1609831 11885.3 1.3524517 11885.3 1.109037 11885.3 1.2304184 11885.3 1.48732
11885.8 1.1517694 11885.8 1.3397943 11885.8 1.1069505 11885.8 1.2085005 11885.8 1.4858971
11886.3 1.1429378 11886.3 1.3223696 11886.3 1.1026358 11886.3 1.1883062 11886.3 1.4810448
11886.7 1.133995 11886.7 1.3105 11886.7 1.0983546 11886.7 1.1668461 11886.7 1.4786503
11887.2 1.1241944 11887.2 1.2937268 11887.2 1.0930883 11887.2 1.1406433 11887.2 1.4741082
11887.7 1.1116835 11887.7 1.2796074 11887.7 1.0888557 11887.7 1.1075026 11887.7 1.4695358
11888.2 1.0995285 11888.2 1.2638498 11888.2 1.0806482 11888.2 1.0724181 11888.2 1.4627584
11888.7 1.0869196 11888.7 1.2516253 11888.7 1.0760874 11888.7 1.042875 11888.7 1.4558432
11889.2 1.0758599 11889.2 1.2363563 11889.2 1.0646212 11889.2 1.0157885 11889.2 1.4478804
11889.7 1.0642106 11889.7 1.2219347 11889.7 1.0582791 11889.7 0.9945659 11889.7 1.4386061
11890.2 1.0549765 11890.2 1.2063535 11890.2 1.0398869 11890.2 0.98100109 11890.2 1.4257283
11890.7 1.0431186 11890.7 1.1920976 11890.7 1.0268304 11890.7 0.96581178 11890.7 1.4116817
11891.2 1.0296549 11891.2 1.1771343 11891.2 1.0120393 11891.2 0.9453371 11891.2 1.3942845
11891.7 1.0156265 11891.7 1.1616074 11891.7 1.0018128 11891.7 0.92068284 11891.7 1.3761927
11892.1 0.99930909 11892.2 1.1457494 11892.2 0.98646277 11892.1 0.88948046 11892.2 1.3576554
11892.6 0.9838686 11892.6 1.1304174 11892.7 0.97273325 11892.6 0.86015824 11892.6 1.3391851
11893.1 0.96875976 11893.1 1.1145129 11893.1 0.96460766 11893.1 0.83617371 11893.1 1.319674
11893.6 0.95652988 11893.6 1.0981038 11893.6 0.95589504 11893.6 0.81659295 11893.6 1.3026088
11894.1 0.94549928 11894.1 1.0831052 11894.1 0.94798418 11894.1 0.80479105 11894.1 1.2840614
11894.6 0.93755301 11894.6 1.0732215 11894.6 0.9417929 11894.6 0.7978148 11894.6 1.2664003
11895.1 0.92911601 11895.1 1.0583906 11895.1 0.93647184 11895.1 0.79358497 11895.1 1.2493196
11895.6 0.92168841 11895.6 1.0457313 11895.6 0.93102982 11895.6 0.7916228 11895.6 1.2313229
11896.1 0.91517593 11896.1 1.0289812 11896.1 0.92776932 11896.1 0.78992167 11896.1 1.2111886
11896.6 0.90612093 11896.6 1.01485 11896.6 0.92412043 11896.6 0.78670131 11896.6 1.1917002
11897.1 0.89753425 11897.1 1.0001153 11897.1 0.9198527 11897.1 0.78330101 11897.1 1.1721633
11897.6 0.88885522 11897.6 0.98490808 11897.6 0.91781969 11897.6 0.77797294 11897.6 1.1500265
11898.1 0.87930875 11898.1 0.9678999 11898.1 0.91611535 11898.1 0.77296967 11898.0 1.1300792
11898.6 0.87100638 11898.6 0.95376214 11898.5 0.91439446 11898.6 0.76738798 11898.6 1.1079461
11899.0 0.86123318 11899.0 0.93798601 11899.0 0.91403016 11899.0 0.76216143 11899.0 1.0862488
11899.5 0.85198005 11899.5 0.92329835 11899.5 0.91386267 11899.5 0.75680639 11899.5 1.0628334
11900.0 0.84283297 11900.0 0.90816364 11900.0 0.91247444 11900.0 0.75124704 11900.0 1.0408997
11900.5 0.83393615 11900.5 0.8959296 11900.5 0.91112632 11900.5 0.74531327 11900.5 1.0180998
11901.0 0.82589538 11901.0 0.88252855 11901.0 0.91227132 11901.0 0.73998706 11901.0 0.9967328
11901.5 0.817347 11901.5 0.86852463 11901.5 0.91128284 11901.5 0.73351388 11901.5 0.97447044
11902.0 0.80831132 11902.0 0.855754 11902.0 0.91470746 11902.0 0.72691957 11902.0 0.95319724
11902.5 0.79942998 11902.5 0.84319042 11902.5 0.91440377 11902.5 0.71955372 11902.5 0.93122448
11903.0 0.79136705 11903.0 0.83008419 11903.0 0.91749641 11903.0 0.71183078 11903.0 0.91145398
11904.0 0.77320048 11904.0 0.80776234 11904.0 0.92592876 11903.5 0.70554209 11903.5 0.88934016
11905.0 0.75966522 11905.0 0.78790215 11904.9 0.93340833 11904.0 0.69967822 11904.0 0.86972803
11905.9 0.74906235 11905.9 0.77427077 11905.9 0.94267623 11905.0 0.69219955 11905.0 0.84114681
11906.8 0.74127364 11906.8 0.76214019 11906.8 0.95777009 11905.9 0.68646781 11905.9 0.81391197
11907.8 0.73612678 11907.8 0.75491211 11907.8 0.96809051 11906.8 0.68116973 11906.8 0.79373905
11908.8 0.73319957 11908.8 0.75247391 11908.8 0.97778817 11907.8 0.67869255 11907.8 0.77866291
11909.7 0.73520354 11909.7 0.75084387 11909.7 0.98886717 11908.8 0.68055329 11908.7 0.7667067
11910.7 0.73951865 11910.7 0.75218479 11910.7 0.99905647 11909.7 0.68995854 11909.7 0.758772
11911.7 0.74766215 11911.7 0.75668231 11911.7 1.0092893 11910.7 0.70423271 11910.7 0.75522648
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11912.8 0.75739594 11912.8 0.76387089 11912.8 1.0185098 11911.7 0.72138119 11911.7 0.75557517
11913.8 0.76732901 11913.8 0.7748948 11913.8 1.0255535 11912.8 0.74218093 11912.8 0.75952418
11914.8 0.77867388 11914.8 0.78460487 11914.8 1.0318041 11913.8 0.76246562 11913.8 0.76482843
11915.9 0.78972098 11915.9 0.79622021 11915.9 1.0364833 11914.8 0.77847032 11914.8 0.77334478
11916.9 0.80100092 11916.9 0.80735132 11916.9 1.0412213 11915.9 0.79561442 11915.9 0.78404154
11918.0 0.81269265 11918.0 0.81927156 11918.0 1.0431414 11917.0 0.80774232 11916.9 0.79612409
11919.1 0.82398882 11919.1 0.83184772 11919.1 1.0396274 11918.0 0.8183865 11918.0 0.80963314
11920.2 0.83551118 11920.2 0.84486704 11920.2 1.0338889 11919.1 0.82895369 11919.1 0.82354234
11921.3 0.85025525 11921.3 0.86016635 11921.3 1.0231023 11920.2 0.83944085 11920.2 0.8379478
11922.5 0.8641497 11922.5 0.87436484 11922.5 1.0121592 11921.3 0.85465386 11921.3 0.8531829
11923.6 0.87867348 11923.6 0.88900206 11923.6 1.0007348 11922.5 0.87342046 11922.5 0.86906199
11924.8 0.89443057 11924.8 0.90182298 11924.8 0.98941673 11923.6 0.89378507 11923.6 0.88531391
11925.9 0.90802515 11925.9 0.91556225 11925.9 0.97906588 11924.8 0.91457957 11924.8 0.89993901
11927.1 0.92110539 11927.1 0.9280275 11927.1 0.96754751 11925.9 0.9350967 11925.9 0.91400078
11928.3 0.93367888 11928.3 0.94153706 11928.3 0.95804642 11927.1 0.95418202 11927.1 0.9275338
11929.5 0.94527378 11929.5 0.95477028 11929.5 0.95176077 11928.3 0.96878563 11928.3 0.94111189
11930.7 0.95518495 11930.7 0.96679132 11930.7 0.94685092 11929.5 0.9816682 11929.5 0.95506568
11931.9 0.9662765 11931.9 0.97682675 11931.9 0.9426927 11930.7 0.99130191 11930.7 0.96839017
11933.2 0.97623547 11933.2 0.98744303 11933.2 0.93718704 11931.9 1.0021328 11931.9 0.98174832
11934.4 0.98682642 11934.4 0.99648157 11934.4 0.93679446 11933.2 1.0168457 11933.2 0.99476707
11935.7 0.99593847 11935.7 1.0064793 11935.7 0.93476291 11934.4 1.0259515 11934.4 1.0060695
11936.9 1.0048055 11937.0 1.0171852 11936.9 0.93548428 11935.7 1.0336733 11935.7 1.0204994
11938.2 1.0119656 11938.2 1.0231137 11938.2 0.93856714 11936.9 1.0399038 11936.9 1.0320475
11939.5 1.0172928 11939.5 1.0291029 11939.5 0.94204616 11938.2 1.0464896 11938.2 1.0394996
11940.8 1.0254195 11940.8 1.0347697 11940.8 0.94896011 11939.5 1.0529847 11939.5 1.0465226
11942.2 1.0337139 11942.2 1.0433856 11942.2 0.95660443 11940.8 1.0607085 11940.8 1.0542265
11943.5 1.0399045 11943.5 1.0515458 11943.5 0.96380472 11942.2 1.0671543 11942.2 1.0634342
11944.8 1.0454873 11944.8 1.0561843 11944.8 0.97211358 11943.5 1.0721846 11943.5 1.0725298
11946.2 1.0487462 11946.2 1.0605983 11946.2 0.97947342 11944.8 1.0734379 11944.8 1.0806749
11947.6 1.0488713 11947.6 1.0667376 11947.6 0.9860694 11946.2 1.0717682 11946.2 1.0875383
11949.0 1.0491354 11949.0 1.0675872 11949.0 0.99354355 11947.6 1.0658683 11947.6 1.092182
11950.4 1.0481658 11950.4 1.0680629 11950.4 0.99970264 11949.0 1.0577454 11949.0 1.0952108
11951.8 1.0464535 11951.8 1.0675477 11951.8 1.0043226 11950.4 1.0468307 11950.4 1.0975256
11953.2 1.0437855 11953.2 1.0696769 11953.2 1.0106607 11951.8 1.0361079 11951.8 1.0999186
11954.6 1.0416644 11954.6 1.0696172 11954.6 1.0179943 11953.2 1.0271156 11953.2 1.100605
11956.1 1.0398456 11956.1 1.0694405 11956.1 1.0205942 11954.6 1.0180335 11954.6 1.1005803
11957.5 1.0385315 11957.5 1.0690679 11957.5 1.0235766 11956.1 1.0117676 11956.1 1.1000366
11959.0 1.0360506 11959.0 1.0654887 11959.0 1.0262029 11957.5 1.0048459 11957.5 1.0988859
11960.5 1.0321501 11960.5 1.0611235 11960.5 1.024522 11959.0 0.99851176 11959.0 1.0969218
11962.0 1.0283809 11962.0 1.0584199 11962.0 1.0240171 11960.5 0.99068345 11960.5 1.0945861
11963.5 1.023803 11963.5 1.0523507 11963.5 1.0218677 11962.0 0.98251496 11962.0 1.0917867
11965.0 1.0206527 11965.0 1.0489788 11965.0 1.0177162 11963.5 0.97684423 11963.5 1.0885776
11966.5 1.0161472 11966.5 1.043677 11966.5 1.0145476 11965.0 0.97105586 11965.0 1.0841409
11968.1 1.0125345 11968.1 1.0392988 11968.1 1.0114319 11966.5 0.96597404 11966.5 1.0786901
11969.6 1.0078877 11969.6 1.0328409 11969.6 1.0095791 11968.1 0.96135879 11968.1 1.0736933
11971.2 1.0026709 11971.2 1.0289464 11971.2 1.0043798 11969.6 0.95635188 11969.6 1.0675716
11972.8 0.99740229 11972.8 1.0224102 11972.8 0.99892621 11971.2 0.95192487 11971.2 1.0605199
11974.4 0.99275497 11974.4 1.0143502 11974.4 0.99473272 11972.8 0.94741045 11972.8 1.0541554
11976.0 0.98786287 11976.0 1.0066423 11976.0 0.99134885 11974.3 0.94381911 11974.4 1.0454984
11977.6 0.9818988 11977.6 1.0039981 11977.6 0.98730472 11976.0 0.9398443 11976.0 1.0378037
11979.2 0.97698126 11979.2 0.99671543 11979.2 0.98550123 11977.6 0.93537433 11977.6 1.0287287
11980.8 0.97232841 11980.8 0.98905246 11980.8 0.98164829 11979.2 0.92855156 11979.2 1.0197106
11982.5 0.96702843 11982.5 0.98445286 11982.5 0.98008804 11980.8 0.92298709 11980.8 1.0115233
11984.2 0.96089036 11984.2 0.9761019 11984.2 0.97794976 11982.5 0.91810081 11982.5 1.0026523
11985.8 0.95609217 11985.8 0.97144444 11985.8 0.97798297 11984.1 0.91208972 11984.2 0.99379913
11987.5 0.95105421 11987.5 0.96569836 11987.5 0.97833941 11985.8 0.90812528 11985.8 0.98590393
11989.2 0.94798362 11989.2 0.95785163 11989.2 0.98013427 11987.5 0.90563599 11987.5 0.97771785
11990.9 0.94368856 11990.9 0.95348198 11990.9 0.98035314 11989.2 0.90444387 11989.2 0.97099465
11992.7 0.94131305 11992.7 0.95145728 11992.6 0.98172899 11990.9 0.90371737 11990.9 0.96440647
11994.4 0.93948662 11994.4 0.94889828 11994.4 0.98068465 11992.7 0.90313496 11992.7 0.95840904
11996.1 0.93840304 11996.1 0.94410399 11996.1 0.98188447 11994.4 0.9034494 11994.4 0.95452342
11997.9 0.93749446 11997.9 0.94328393 11997.9 0.98366552 11996.1 0.90448977 11996.1 0.95019598
11999.7 0.93799677 11999.7 0.94354881 11999.7 0.98175767 11997.9 0.90735905 11997.9 0.94697781
12001.5 0.93855293 12001.5 0.94255554 12001.5 0.97886909 11999.7 0.91173382 11999.7 0.94413705
12003.3 0.94030967 12003.3 0.94375273 12003.3 0.97595166 12001.5 0.9168317 12001.5 0.9424115
12005.1 0.942813 12005.1 0.94410084 12005.1 0.9758786 12003.3 0.92274106 12003.3 0.9411506
12006.9 0.94634119 12006.9 0.94646847 12006.9 0.97459203 12005.1 0.92916781 12005.1 0.94122305
12008.7 0.94849694 12008.7 0.94801631 12008.7 0.97148535 12006.9 0.93686335 12006.9 0.94151757
12010.6 0.95192707 12010.6 0.94905021 12010.6 0.96938141 12008.7 0.94343589 12008.7 0.94252067
12012.4 0.95528405 12012.4 0.9519138 12012.4 0.96992619 12010.6 0.95193136 12010.6 0.94439948
12014.3 0.95953419 12014.3 0.95454319 12014.3 0.970642 12012.4 0.95883043 12012.4 0.94625143
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12016.2 0.9627818 12016.2 0.95904815 12016.2 0.97351896 12014.3 0.96438639 12014.3 0.94841401
12018.1 0.9675614 12018.1 0.96212433 12018.1 0.97330826 12016.2 0.9706989 12016.2 0.9515036
12020.0 0.97080043 12020.0 0.96596595 12020.0 0.98097464 12018.1 0.97727873 12018.1 0.95459664
12021.9 0.97517368 12021.9 0.97118646 12021.9 0.9878372 12020.0 0.98318424 12020.0 0.9575612
12023.9 0.9790445 12023.9 0.97442268 12023.8 0.99615854 12021.9 0.98853128 12021.9 0.96133216
12025.8 0.98247721 12025.8 0.97801218 12025.8 1.005983 12023.9 0.99427783 12023.9 0.96519839
12027.8 0.98598309 12027.8 0.97954375 12027.8 1.0145365 12025.8 0.99988083 12025.8 0.96890663
12029.7 0.99010061 12029.7 0.98336354 12029.7 1.0221571 12027.8 1.0041816 12027.8 0.97355347
12031.7 0.99435075 12031.7 0.98439451 12031.7 1.0280483 12029.7 1.0085701 12029.7 0.97722075
12033.7 0.9985219 12033.7 0.99038379 12033.7 1.0310253 12031.7 1.0120793 12031.7 0.98109477
12035.7 1.001159 12035.7 0.99286043 12035.7 1.0324521 12033.7 1.0177695 12033.7 0.98508376
12037.7 1.003337 12037.7 0.99707478 12037.7 1.0333621 12035.7 1.0194059 12035.7 0.98909163
12039.7 1.0064513 12039.8 1.0002712 12039.8 1.0285569 12037.7 1.018981 12037.7 0.99377563
12041.8 1.0089472 12041.8 1.0052165 12041.8 1.0222202 12039.8 1.0218705 12039.8 0.99883739
12043.8 1.0095085 12043.8 1.0088422 12043.8 1.0152532 12041.8 1.0202148 12041.8 1.0022709
12045.9 1.0101592 12045.9 1.008187 12045.9 1.011278 12043.8 1.0180877 12043.8 1.0057854
12048.0 1.0114692 12048.0 1.0112056 12048.0 1.0057131 12045.9 1.0161109 12045.9 1.0081739
12050.1 1.0112681 12050.1 1.0098397 12050.1 1.0000977 12048.0 1.0137551 12048.0 1.0114477
12052.2 1.0105676 12052.2 1.0125132 12052.2 0.99343358 12050.1 1.008072 12050.1 1.0118029
12054.3 1.0105954 12054.3 1.0147137 12054.3 0.98607236 12052.2 1.0075029 12052.2 1.0129116
12056.4 1.0110111 12056.4 1.0149412 12056.4 0.98153394 12054.3 1.0036242 12054.3 1.0146585
12058.6 1.0103208 12058.6 1.0152981 12058.6 0.98002941 12056.4 1.0005697 12056.4 1.0159289
12060.7 1.0097753 12060.7 1.0164856 12060.7 0.97844564 12058.6 0.99915134 12058.6 1.0165979
12062.9 1.0093343 12062.9 1.0162921 12062.9 0.97707849 12060.7 0.99562357 12060.7 1.0175516
12065.1 1.0103914 12065.1 1.0156038 12065.1 0.9767214 12062.9 0.99491043 12062.9 1.0184346
12067.3 1.0094176 12067.2 1.0163509 12067.2 0.97854094 12065.1 0.99414685 12065.1 1.0181473
12069.5 1.0090337 12069.5 1.0144803 12069.5 0.9831205 12067.2 0.99339557 12067.2 1.0185824
12071.7 1.0084935 12071.7 1.0151745 12071.7 0.98667285 12069.5 0.99319598 12069.5 1.0188033
12073.9 1.0096034 12073.9 1.013941 12073.9 0.98866206 12071.7 0.99323596 12071.7 1.0182689
12076.1 1.0075198 12076.1 1.0140812 12076.1 0.99254056 12073.9 0.99300374 12073.9 1.0176826
12078.4 1.0061164 12078.4 1.0140169 12078.4 0.99600178 12076.1 0.99275609 12076.1 1.0168077
12080.6 1.0062827 12080.6 1.011206 12080.6 0.99790156 12078.4 0.99235378 12078.4 1.0166257
12082.9 1.0062943 12082.9 1.0104834 12082.9 0.99721372 12080.6 0.99128293 12080.6 1.0154722
12085.2 1.0050423 12085.2 1.010503 12085.2 0.99874919 12082.9 0.98979824 12082.9 1.0142182
12087.5 1.0032013 12087.5 1.0102248 12087.5 0.99831153 12085.2 0.98863839 12085.2 1.0133712
12089.8 1.0021697 12089.8 1.0083036 12089.8 0.99837578 12087.5 0.98784969 12087.5 1.0119357
12092.1 1.000604 12092.1 1.0063438 12092.1 0.99629979 12089.8 0.98794126 12089.8 1.0110537
12094.5 0.99961301 12094.5 1.005701 12094.5 0.99568186 12092.1 0.98740375 12092.1 1.0091225
12096.8 0.99823628 12096.8 1.0045283 12096.8 0.99470285 12094.5 0.98885046 12094.5 1.0079139
12099.2 0.9973973 12099.2 1.0024887 12099.2 0.99308691 12096.8 0.98898587 12096.8 1.0060244
12101.6 0.99772601 12101.5 1.0018283 12101.5 0.99542823 12099.2 0.9892191 12099.2 1.0044885
12103.9 0.99810647 12103.9 1.000232 12103.9 0.99541978 12101.5 0.98862464 12101.5 1.0034298
12106.3 0.99638687 12106.3 0.99904525 12106.3 0.99792021 12103.9 0.98783608 12103.9 1.0013291
12108.7 0.99445455 12108.7 0.99531379 12108.7 1.0013091 12106.3 0.98685813 12106.3 0.99870478
12111.1 0.99250152 12111.1 0.99448034 12111.1 1.0045618 12108.7 0.98663222 12108.7 0.99703321
12113.6 0.9904538 12113.6 0.99372619 12113.6 1.0064479 12111.1 0.98505781 12111.1 0.99470148
12116.0 0.98873515 12116.0 0.99182247 12116.0 1.0086556 12113.6 0.98379694 12113.6 0.99308418
12118.5 0.98857983 12118.5 0.99015088 12118.5 1.0096787 12116.0 0.98250402 12116.0 0.99146302
12120.9 0.9870921 12120.9 0.99023919 12120.9 1.0097533 12118.5 0.98169655 12118.5 0.99002809
12123.4 0.98644746 12123.4 0.98867188 12123.4 1.0079878 12121.0 0.98144053 12121.0 0.98860281
12125.9 0.98576793 12125.9 0.98708789 12125.9 1.0077995 12123.4 0.98228787 12123.4 0.9874584
12128.4 0.98532876 12128.4 0.98693946 12128.4 1.0098836 12125.9 0.98315011 12125.9 0.98629113
12130.9 0.98575401 12130.9 0.98698287 12130.9 1.0101067 12128.4 0.98462126 12128.4 0.98586201
12133.5 0.98600845 12133.5 0.98642115 12133.5 1.0081223 12130.9 0.98637358 12130.9 0.98502183
12136.0 0.98663699 12136.0 0.98665191 12136.0 1.0083255 12133.5 0.98871668 12133.5 0.98448762
12138.6 0.98848866 12138.6 0.98729316 12138.6 1.0073242 12136.0 0.99029319 12136.0 0.98407379
12141.1 0.98985873 12141.1 0.98651361 12141.1 1.0079261 12138.6 0.9942071 12138.6 0.9842023
12143.7 0.99153312 12143.7 0.98912065 12143.7 1.0040226 12141.1 0.99771549 12141.1 0.98458274
12146.3 0.99288788 12146.3 0.98962201 12146.3 1.0017693 12143.7 1.0011093 12143.7 0.98511088
12148.9 0.99493207 12148.9 0.98872721 12148.9 1.0002376 12146.3 1.0055039 12146.3 0.98552232
12151.5 0.99756177 12151.5 0.99031846 12151.5 0.99793345 12148.9 1.0097451 12148.9 0.98630848
12154.2 0.99963575 12154.1 0.99111811 12154.2 0.99731484 12151.5 1.0134501 12151.5 0.98737998
12156.8 1.0009607 12156.8 0.99403404 12156.8 0.99491814 12154.2 1.0157636 12154.2 0.98772256
12159.4 1.0021138 12159.5 0.99457146 12159.4 0.99114151 12156.8 1.0182229 12156.8 0.98913985
12162.1 1.0031052 12162.1 0.99541881 12162.1 0.99094242 12159.4 1.0192112 12159.5 0.99045027
12164.8 1.0040405 12164.8 0.99696608 12164.8 0.98994474 12162.1 1.0210729 12162.1 0.99149694
12167.5 1.0043443 12167.5 0.99663474 12167.5 0.99017658 12164.8 1.0208764 12164.8 0.99229398
12170.2 1.0055285 12170.2 0.99724302 12170.2 0.9888257 12167.5 1.0203924 12167.5 0.99391656
12172.9 1.004615 12172.9 0.99702152 12172.9 0.99246339 12170.2 1.0194533 12170.2 0.99511324
12175.6 1.0046084 12175.6 0.99900738 12175.6 0.99268452 12172.9 1.0173576 12172.9 0.99613016
12178.4 1.0044084 12178.3 0.9986963 12178.4 0.99378766 12175.6 1.015357 12175.6 0.996679
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12181.1 1.003885 12181.1 0.99956142 12181.1 0.99498472 12178.3 1.0131567 12178.3 0.99775737
12183.9 1.0030527 12183.9 0.99818976 12183.9 0.99617638 12181.1 1.0113754 12181.1 0.99872881
12186.6 1.0026993 12186.6 1.0006511 12186.6 0.99952485 12183.9 1.0092219 12183.9 0.99986018
12189.4 1.0018353 12189.4 1.0015394 12189.4 1.0018355 12186.6 1.0071454 12186.6 1.0005902
12192.2 1.0026473 12192.2 1.0026675 12192.2 1.0019958 12189.4 1.004321 12189.4 1.0014085
12195.0 1.0018587 12195.0 1.0021999 12195.0 1.0038642 12192.2 1.0037346 12192.2 1.0028541
12197.8 1.0030056 12197.8 1.0019174 12197.8 1.0062881 12195.0 1.0026003 12195.0 1.0027021
12200.7 1.0023934 12200.7 1.002431 12200.7 1.0062441 12197.9 1.0017856 12197.9 1.0031254
12203.5 1.0024274 12203.5 1.0027482 12203.5 1.0057826 12200.7 1.0013419 12200.7 1.0041238
12206.4 1.0022574 12206.4 1.0026904 12206.4 1.0050135 12203.5 1.0014689 12203.5 1.0046441
12209.3 1.0028266 12209.3 1.0026841 12209.3 1.0063439 12206.4 1.0018859 12206.4 1.0046351
12212.1 1.0029576 12212.1 1.0050221 12212.1 1.0071573 12209.3 1.0017775 12209.3 1.0053528
12215.0 1.0043695 12215.0 1.0046321 12215.0 1.0061764 12212.1 1.0023332 12212.2 1.0054778
12217.9 1.003661 12218.0 1.0058801 12217.9 1.0035583 12215.0 1.0030095 12215.0 1.006422
12220.9 1.0043467 12220.9 1.0054163 12220.9 1.0054756 12217.9 1.0038101 12217.9 1.0068695
12223.8 1.0046399 12223.8 1.0051745 12223.8 1.0079652 12220.9 1.0049416 12220.9 1.0066042
12226.7 1.0045728 12226.7 1.0046101 12226.7 1.0066529 12223.8 1.0052864 12223.8 1.0066395
12229.7 1.004707 12229.7 1.005167 12229.7 1.0048523 12226.7 1.0054676 12226.7 1.0074276
12232.7 1.00524 12232.7 1.0055084 12232.7 1.0012318 12229.7 1.0061457 12229.7 1.0062034
12235.6 1.0050494 12235.7 1.0043067 12235.6 1.0011383 12232.7 1.0059815 12232.7 1.0062796
12238.6 1.0047273 12238.6 1.0039777 12238.6 0.99997579 12235.6 1.0055359 12235.6 1.0071747
12241.6 1.0037277 12241.6 1.0064155 12241.7 1.0001353 12238.6 1.0050359 12238.6 1.0060518
12244.7 1.0037999 12244.7 1.0025523 12244.7 0.99979361 12241.7 1.004151 12241.7 1.0053125
12247.7 1.0025527 12247.7 1.003151 12247.7 0.99920299 12244.7 1.0017177 12244.7 1.0052372
12250.7 1.0017621 12250.7 1.0023643 12250.7 0.99732634 12247.7 1.0003507 12247.7 1.0043883
12253.8 1.0011731 12253.8 1.0024892 12253.8 0.99696788 12250.7 0.99942335 12250.7 1.003859
12256.9 1.0004421 12256.9 1.0024899 12256.9 0.99855644 12253.8 0.99801645 12253.8 1.0034061
12259.9 0.99949979 12259.9 1.0017349 12259.9 0.99779904 12256.9 0.99626379 12256.9 1.00303
12263.0 0.99840981 12263.0 1.0008587 12263.0 0.99880826 12259.9 0.99577149 12259.9 1.0024517
12266.1 0.99817443 12266.1 0.99895938 12266.1 0.99809658 12263.0 0.99327726 12263.0 1.0012491
12269.2 0.99688791 12269.2 0.998957 12269.2 0.99702184 12266.1 0.99238541 12266.1 1.0012596
12272.4 0.996363 12272.4 0.99968222 12272.4 0.9987131 12269.2 0.99181228 12269.3 1.0005674
12275.5 0.99598443 12275.5 0.99873071 12275.5 1.0002961 12272.4 0.99180854 12272.4 1.0001164
12278.7 0.99656963 12278.7 0.99837175 12278.7 1.0005276 12275.5 0.99178136 12275.5 0.99977455
12281.8 0.99597522 12281.8 0.99863511 12281.8 1.0015235 12278.7 0.99274552 12278.7 0.99926834
12285.0 0.99633113 12285.0 0.99742751 12285.0 1.0006362 12281.8 0.99272331 12281.8 0.9985665
12288.2 0.99664901 12288.2 0.99756168 12288.2 1.0015843 12285.0 0.99318439 12285.0 0.99819362
12291.4 0.99659848 12291.4 0.99716566 12291.4 1.0002329 12288.2 0.9946907 12288.2 0.99806366
12294.6 0.99792735 12294.6 0.99803306 12294.6 0.99988758 12291.4 0.99572344 12291.4 0.9976256
12297.8 0.99797995 12297.8 0.99885 12297.8 0.99928192 12294.6 0.99667068 12294.6 0.99738098
12301.1 0.99920926 12301.1 0.99913543 12301.1 0.99693013 12297.8 0.99837695 12297.8 0.99757371
12304.3 1.0002749 12304.3 0.99948169 12304.3 0.99777765 12301.1 0.99860951 12301.1 0.99723305
12307.6 1.0004451 12307.6 0.99873004 12307.6 0.99640641 12304.3 0.9999413 12304.3 0.99731967
12310.9 1.0008339 12310.9 0.99924069 12310.9 0.9965528 12307.6 1.001212 12307.6 0.99754417
12314.1 1.0016942 12314.1 1.0016274 12314.1 0.99923349 12310.9 1.0017944 12310.9 0.99766556
12317.4 1.0013837 12317.4 1.0001539 12317.4 1.0013789 12314.1 1.0024656 12314.1 0.9975156
12320.7 1.0015871 12320.7 1.0000594 12320.7 1.002167 12317.4 1.0020903 12317.4 0.99838755
12324.1 1.0022501 12324.1 1.0000305 12324.1 1.0001238 12320.7 1.0026223 12320.7 0.99771665
12327.4 1.0021552 12327.4 1.0007308 12327.4 1.0016426 12324.1 1.001302 12324.1 0.99844804
12330.7 1.0027872 12330.7 1.0016147 12330.7 1.0019775 12327.4 1.0010011 12327.4 0.99834568
12334.1 1.0026393 12334.1 1.0019029 12334.1 1.0019237 12330.7 1.0000335 12330.8 0.99841069
12337.5 1.0027947 12337.5 1.0001232 12337.5 1.002559 12334.1 0.99867167 12334.1 0.99889437
12340.9 1.001968 12340.9 1.001716 12340.9 1.0006671 12337.5 0.99616346 12337.5 0.99923648
12344.2 1.0014865 12344.2 1.0015549 12344.3 1.0008442 12340.9 0.99533608 12340.9 0.99975883
12347.7 1.0019771 12347.7 1.0026672 12347.7 1.0001697 12344.3 0.99342224 12344.3 1.0003196
12351.1 1.0020424 12351.1 1.0032446 12351.1 1.0012353 12347.7 0.99192108 12347.7 1.0009286
12354.5 1.00179 12354.5 1.0015179 12354.5 1.0018975 12351.1 0.99124822 12351.1 1.0012034
12358.0 1.0034887 12358.0 1.0036144 12358.0 1.0030063 12354.5 0.98429758 12354.5 1.0020204
12361.4 1.0039823 12361.4 1.0030652 12361.4 1.0005786 12358.0 0.98778117 12358.0 1.0024593
12364.9 1.0044506 12364.9 1.003072 12364.9 1.0012591 12361.4 0.98700315 12361.4 1.0031301
12368.4 1.0044422 12368.4 1.0050043 12368.4 0.99949277 12364.9 0.98612389 12364.9 1.0034359
12371.9 1.0053437 12371.9 1.0044931 12371.9 0.99983526 12368.4 0.98543401 12368.4 1.0040182
12375.4 1.0051512 12375.4 1.0055043 12375.4 0.99697069 12371.9 0.98491569 12371.9 1.0047801
12378.9 1.0070785 12378.9 1.0069215 12378.9 0.99725955 12375.4 0.98360347 12375.4 1.0050939
12382.4 1.0084376 12382.4 1.0084592 12382.4 0.9949218 12378.9 0.98339638 12378.9 1.0054531
12386.0 1.007776 12386.0 1.008305 12386.0 0.99437925 12382.4 0.98297766 12382.4 1.0070878
12389.5 1.0088769 12389.5 1.0098466 12389.5 0.99282622 12386.0 0.98298531 12386.0 1.007022
12393.1 1.0096502 12393.1 1.0077366 12393.1 0.9916246 12389.5 0.98280188 12389.5 1.0073999
12396.7 1.0105951 12396.7 1.0105152 12396.7 0.99220536 12393.1 0.98179171 12393.1 1.0081186
12400.2 1.0112653 12400.2 1.0106646 12400.2 0.99021798 12396.7 0.98176315 12396.7 1.0092448
12403.8 1.0109509 12403.8 1.0112647 12403.8 0.99427501 12400.2 0.98138396 12400.2 1.008744
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12407.5 1.0109637 12407.5 1.0109309 12407.5 0.99177039 12403.8 0.98138771 12403.8 1.0092268
12411.1 1.0119905 12411.1 1.0105614 12411.1 0.99360838 12407.5 0.98005769 12407.5 1.0090541
12414.7 1.0114787 12414.7 1.010706 12414.7 0.99248246 12411.1 0.97901361 12411.1 1.0090186
12414.7 0.9777754 12414.7 1.0088664
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
11719.3 0.03046877 11719.3 0.12102679 11719.3 9.69E-04 11719.3 1.67E-03 11719.3 1.65E-03
11724.9 0.02541024 11724.9 5.01E-02 11724.9 7.13E-04 11724.9 1.62E-03 11724.9 1.20E-03
11730.5 0.01041079 11730.4 0.11168693 11730.5 4.99E-04 11730.5 1.11E-03 11730.5 1.26E-03
11736.1 0.00830983 11736.1 5.74E-02 11736.1 3.34E-04 11736.1 6.69E-04 11736.1 5.95E-04
11741.7 0.00668865 11741.7 4.25E-02 11741.7 1.63E-04 11741.7 7.01E-04 11741.8 2.65E-04
11747.4 -0.01847599 11747.3 -5.75E-03 11747.4 -1.75E-05 11747.4 5.54E-04 11747.4 3.26E-04
11753.0 -0.00439122 11752.9 -3.35E-02 11753.0 -3.54E-04 11753.0 2.36E-04 11753.0 1.28E-04
11758.7 -0.00547253 11758.5 -5.72E-02 11758.7 -2.57E-04 11758.7 -7.10E-05 11758.7 -1.07E-04
11764.3 0.00409962 11764.2 -5.95E-02 11764.3 -3.83E-04 11764.3 -5.00E-04 11764.3 -4.74E-05
11770.0 -0.02183141 11769.8 -6.62E-02 11770.0 -4.33E-04 11770.0 -4.94E-04 11770.0 -1.39E-03
11775.6 -0.00669382 11775.4 -3.49E-02 11775.6 -5.00E-04 11775.6 -6.54E-04 11775.6 6.16E-04
11781.3 0.00839436 11781.1 -6.86E-02 11781.3 -6.43E-04 11781.3 -1.26E-03 11781.3 -6.30E-04
11787.0 -0.00436301 11786.7 -1.48E-02 11787.0 -5.49E-04 11787.0 -1.10E-03 11787.0 -1.26E-03
11792.7 -0.01053549 11792.4 -3.92E-02 11792.7 -7.08E-04 11792.7 -1.08E-03 11792.7 -4.15E-04
11798.3 -0.00341259 11798.0 -3.83E-02 11798.3 -6.74E-04 11798.4 -1.12E-03 11798.4 -1.04E-03
11804.0 -0.01219018 11803.7 -5.34E-02 11804.0 -6.71E-04 11804.0 -1.30E-03 11804.0 -1.14E-03
11809.7 -0.01625858 11809.4 -1.57E-02 11809.7 -4.68E-04 11809.7 -1.66E-03 11809.7 -1.82E-03
11815.4 -0.00635163 11815.1 3.26E-02 11815.4 -3.16E-04 11815.4 -1.23E-03 11815.4 -1.21E-03
11821.1 -0.00894589 11820.8 2.44E-02 11821.1 -2.33E-05 11821.1 -1.01E-03 11821.1 -1.37E-03
11826.9 0.01697457 11826.5 8.75E-03 11826.9 3.56E-04 11826.9 -7.35E-04 11826.9 -7.91E-05
11832.6 0.00492746 11832.1 9.16E-02 11832.6 9.99E-04 11832.6 4.74E-04 11832.6 -2.29E-04
11838.3 0.01962239 11837.8 3.70E-02 11838.3 1.97E-03 11838.3 2.13E-03 11838.3 2.03E-03
11844.0 0.01408443 11843.6 3.08E-02 11844.0 3.37E-03 11844.0 4.72E-03 11844.0 4.32E-03
11851.0 0.04070306 11851.0 0.11067868 11851.0 7.27E-03 11851.0 1.02E-02 11851.0 8.95E-03
11851.5 0.03296157 11851.5 9.52E-02 11851.5 7.44E-03 11851.5 1.09E-02 11851.5 1.03E-02
11852.0 0.03890764 11852.0 8.91E-02 11852.0 7.83E-03 11851.9 1.18E-02 11852.0 1.08E-02
11852.4 0.04018131 11852.4 0.10669744 11852.4 8.12E-03 11852.4 1.23E-02 11852.5 1.07E-02
11852.9 0.0444467 11852.9 9.11E-02 11852.9 8.52E-03 11852.9 1.31E-02 11852.9 1.09E-02
11853.4 0.04332279 11853.4 0.13078494 11853.4 8.82E-03 11853.4 1.37E-02 11853.4 1.21E-02
11853.9 0.04111272 11853.9 0.12114577 11853.9 9.39E-03 11853.9 1.44E-02 11853.9 1.27E-02
11854.4 0.04299369 11854.4 6.40E-02 11854.4 9.85E-03 11854.4 1.49E-02 11854.4 1.27E-02
11854.9 0.0333396 11854.9 9.23E-02 11854.9 1.04E-02 11854.9 1.56E-02 11854.9 1.42E-02
11855.4 0.03727788 11855.4 8.07E-02 11855.4 1.10E-02 11855.4 1.68E-02 11855.4 1.42E-02
11855.9 0.02862866 11855.9 0.12175045 11855.9 1.17E-02 11855.9 1.78E-02 11855.9 1.47E-02
11856.4 0.03385705 11856.4 0.13212633 11856.4 1.24E-02 11856.4 1.89E-02 11856.4 1.64E-02
11856.8 0.03549794 11856.8 7.74E-02 11856.8 1.32E-02 11856.8 1.99E-02 11856.8 1.82E-02
11857.3 0.04946779 11857.3 7.46E-02 11857.3 1.42E-02 11857.3 2.13E-02 11857.3 1.89E-02
11857.8 0.04227153 11857.8 0.10559928 11857.8 1.52E-02 11857.8 2.24E-02 11857.8 1.99E-02
11858.3 0.02104094 11858.3 0.10447859 11858.3 1.61E-02 11858.3 2.35E-02 11858.3 2.09E-02
11858.8 0.04732286 11858.8 0.12697904 11858.8 1.75E-02 11858.8 2.55E-02 11858.8 2.26E-02
11859.3 0.04858051 11859.3 0.15562545 11859.3 1.90E-02 11859.3 2.71E-02 11859.3 2.49E-02
11859.8 0.03711457 11859.8 0.19779745 11859.8 2.06E-02 11859.8 2.93E-02 11859.8 2.75E-02
11860.3 0.04923693 11860.3 0.11678878 11860.3 2.23E-02 11860.3 3.17E-02 11860.3 2.92E-02
11860.8 0.04455646 11860.8 0.14218346 11860.8 2.48E-02 11860.8 3.43E-02 11860.8 3.16E-02
11861.2 0.04767357 11861.2 0.17555646 11861.2 2.73E-02 11861.2 3.71E-02 11861.2 3.41E-02
11861.7 0.06329974 11861.7 0.1856504 11861.7 3.03E-02 11861.7 4.20E-02 11861.7 3.76E-02
11862.2 0.06082204 11862.2 0.21851675 11862.2 3.36E-02 11862.2 4.61E-02 11862.2 4.01E-02
11862.7 0.06026401 11862.7 0.15127166 11862.7 3.79E-02 11862.7 5.22E-02 11862.7 4.41E-02
11863.2 0.0553319 11863.2 0.17381798 11863.2 4.27E-02 11863.2 5.83E-02 11863.2 4.79E-02
11863.7 0.05004615 11863.7 0.2083149 11863.7 4.87E-02 11863.7 6.74E-02 11863.7 5.28E-02
11864.2 0.06049604 11864.2 0.19099108 11864.2 5.58E-02 11864.2 7.60E-02 11864.2 5.82E-02
11864.7 0.04833221 11864.7 0.24313957 11864.7 6.42E-02 11864.7 8.93E-02 11864.7 6.35E-02
11865.2 0.04921757 11865.2 0.23687351 11865.2 7.52E-02 11865.2 0.10453617 11865.2 7.07E-02
11865.7 0.05947156 11865.7 0.2841633 11865.6 8.96E-02 11865.7 0.12722484 11865.7 8.07E-02
11866.1 0.07033297 11866.1 0.31546486 11866.1 0.10975434 11866.1 0.1585406 11866.1 8.99E-02
11866.6 0.04832872 11866.6 0.39474522 11866.6 0.13853658 11866.6 0.2089682 11866.6 0.10401819
11867.1 0.04745565 11867.1 0.45350788 11867.1 0.17851077 11867.1 0.2735998 11867.1 0.11850569
11867.6 0.05807093 11867.6 0.56204856 11867.6 0.24273337 11867.6 0.36333394 11867.6 0.13632165
11868.1 0.0705788 11868.1 0.67699565 11868.1 0.34248538 11868.1 0.47854372 11868.1 0.16099365
11868.6 0.071385 11868.6 0.88815048 11868.6 0.52896515 11868.6 0.63934611 11868.6 0.18890988
11869.1 0.07011929 11869.1 1.0674816 11869.1 0.87412726 11869.1 0.8701547 11869.1 0.23450735
11869.6 0.08080607 11869.6 1.2221462 11869.6 1.5353245 11869.6 1.1890051 11869.6 0.2905285
Boron nitride blank CTA-VTL-2 DMAV MMAV Na2HAsO4
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11870.1 0.09118512 11870.1 1.3680098 11870.1 2.6085364 11870.1 1.5211696 11870.1 0.37498173
11870.6 0.09649322 11870.6 1.5219835 11870.6 4.1672567 11870.6 1.8694324 11870.6 0.48087467
11871.0 0.0958862 11871.0 1.5951619 11871.0 5.1762235 11871.0 2.0959896 11871.0 0.63887148
11871.5 0.09074787 11871.5 1.6648994 11871.5 5.3258055 11871.5 2.3154401 11871.5 0.87049003
11872.0 0.09366212 11872.0 1.8221131 11872.0 5.0172296 11872.0 2.564271 11872.0 1.2624201
11872.5 0.10181629 11872.5 2.0156369 11872.5 4.5132708 11872.5 2.9955869 11872.5 1.9298616
11873.0 0.11093882 11873.0 2.2903071 11873.0 4.0533058 11873.0 3.3560931 11873.0 3.0027632
11873.5 0.11426938 11873.5 2.7226963 11873.5 3.6170546 11873.5 3.4873481 11873.5 4.3689264
11874.0 0.13758473 11874.0 3.1773888 11874.0 3.1493158 11874.0 3.3008228 11874.0 5.4729985
11874.5 0.13522434 11874.5 3.3559762 11874.5 2.6531547 11874.5 2.9235602 11874.5 5.5753678
11875.0 0.12964406 11875.0 3.4095713 11875.0 2.2148176 11875.0 2.5789571 11875.0 4.8309651
11875.5 0.11327287 11875.5 3.1457009 11875.5 1.8501413 11875.5 2.3033772 11875.5 3.8359039
11875.9 0.11146881 11875.9 2.8840776 11875.9 1.57986 11875.9 2.0685061 11875.9 3.0363185
11876.4 0.10807767 11876.4 2.5710784 11876.4 1.382048 11876.4 1.9443524 11876.4 2.4410958
11876.9 0.10888798 11876.9 2.3160852 11876.9 1.2507052 11876.9 1.845942 11876.9 2.0942411
11877.4 0.09666156 11877.4 2.1117896 11877.4 1.1661034 11877.4 1.8039601 11877.4 1.8652844
11877.9 0.09995126 11877.9 1.9516129 11877.9 1.1179833 11877.9 1.7662285 11877.9 1.7589351
11878.4 0.09575939 11878.4 1.7844835 11878.4 1.1017839 11878.4 1.7355585 11878.4 1.7077317
11878.9 0.10700652 11878.9 1.7102014 11878.9 1.1154989 11878.9 1.6834927 11878.9 1.6860956
11879.4 0.09727495 11879.4 1.6433862 11879.4 1.1631508 11879.4 1.621979 11879.4 1.6442936
11879.9 0.09329232 11879.9 1.5935994 11879.9 1.2342043 11879.9 1.5430456 11879.9 1.580958
11880.4 0.08893958 11880.4 1.6067943 11880.4 1.3265046 11880.4 1.474697 11880.4 1.4947775
11880.9 0.09777863 11880.9 1.5702578 11880.8 1.4038703 11880.9 1.3911372 11880.9 1.4044743
11881.3 0.10550841 11881.3 1.5342374 11881.3 1.4538192 11881.3 1.3298419 11881.3 1.3153928
11881.8 0.09969005 11881.8 1.5346994 11881.8 1.4658132 11881.8 1.2658616 11881.8 1.2501102
11882.3 0.10304866 11882.3 1.4964485 11882.3 1.4450041 11882.3 1.2184803 11882.3 1.1908204
11882.8 0.09991227 11882.8 1.4704504 11882.8 1.40707 11882.8 1.1752031 11882.8 1.1497417
11883.3 0.1035567 11883.3 1.4199635 11883.3 1.357021 11883.3 1.1481227 11883.3 1.1223395
11883.8 0.10387345 11883.8 1.433094 11883.8 1.3123677 11883.8 1.1271483 11883.8 1.1092863
11884.3 0.11980426 11884.3 1.4365198 11884.3 1.2723462 11884.3 1.1214765 11884.3 1.1135419
11884.8 0.11467812 11884.8 1.4434839 11884.8 1.2441579 11884.8 1.1284895 11884.8 1.1324125
11885.3 0.11449837 11885.3 1.4422903 11885.3 1.2198328 11885.3 1.1450468 11885.3 1.1722392
11885.8 0.11294478 11885.8 1.3967329 11885.8 1.1984575 11885.8 1.1710848 11885.8 1.213782
11886.3 0.124718 11886.3 1.3990163 11886.3 1.1775091 11886.3 1.2005965 11886.3 1.2662942
11886.7 0.1233255 11886.7 1.3746895 11886.8 1.1566856 11886.8 1.2260191 11886.7 1.3082095
11887.2 0.111718 11887.2 1.3943054 11887.2 1.1331552 11887.2 1.2452237 11887.2 1.3430007
11887.7 0.10638724 11887.7 1.3408435 11887.7 1.1027242 11887.7 1.2559296 11887.7 1.3664908
11888.2 0.11125661 11888.2 1.3564809 11888.2 1.0746506 11888.2 1.2559067 11888.2 1.3807915
11888.7 0.11590016 11888.7 1.3572524 11888.7 1.0449607 11888.7 1.2480182 11888.7 1.3830512
11889.2 0.11546124 11889.2 1.3466894 11889.2 1.0210344 11889.2 1.2373396 11889.2 1.3802654
11889.7 0.14330226 11889.7 1.4133429 11889.7 1.0035341 11889.7 1.2238637 11889.7 1.3726965
11890.2 0.12355592 11890.2 1.343575 11890.2 0.9896664 11890.2 1.2100659 11890.2 1.3642567
11890.7 0.13078106 11890.7 1.3447033 11890.7 0.97491159 11890.7 1.1987397 11890.7 1.3535287
11891.2 0.11661319 11891.2 1.2900751 11891.2 0.95754075 11891.2 1.1856738 11891.2 1.3395428
11891.7 0.12055961 11891.7 1.3053687 11891.7 0.93499811 11891.7 1.1745202 11891.7 1.3282206
11892.2 0.13013145 11892.2 1.3134029 11892.2 0.9095513 11892.1 1.1660821 11892.2 1.3150301
11892.6 0.11771405 11892.6 1.336103 11892.7 0.88366303 11892.6 1.1586035 11892.6 1.3014655
11893.1 0.12330263 11893.1 1.2793937 11893.1 0.86197019 11893.1 1.1527184 11893.1 1.2853716
11893.6 0.11932876 11893.6 1.2784968 11893.6 0.84460256 11893.6 1.1447736 11893.6 1.2681692
11894.1 0.1150506 11894.1 1.2373827 11894.1 0.83308278 11894.1 1.1377793 11894.1 1.2529007
11894.6 0.12212269 11894.6 1.2627251 11894.6 0.82595094 11894.6 1.1284453 11894.6 1.2336277
11895.1 0.12218918 11895.1 1.2599284 11895.1 0.82109892 11895.1 1.1195152 11895.1 1.2151413
11895.6 0.12675199 11895.6 1.2040621 11895.6 0.81817861 11895.6 1.1058018 11895.6 1.1919629
11896.1 0.12653242 11896.1 1.2247997 11896.1 0.81492835 11896.1 1.0927337 11896.1 1.1666904
11896.6 0.12367739 11896.6 1.242403 11896.6 0.81146402 11896.6 1.0750299 11896.6 1.1400683
11897.1 0.12777724 11897.1 1.182326 11897.1 0.80690851 11897.1 1.0579377 11897.1 1.1121711
11897.6 0.12307953 11897.6 1.1877553 11897.6 0.80193243 11897.6 1.0421863 11897.6 1.0828966
11898.1 0.12728364 11898.1 1.1741164 11898.1 0.79621286 11898.1 1.022799 11898.1 1.0573641
11898.6 0.13050776 11898.6 1.1747412 11898.5 0.7908299 11898.6 1.0046445 11898.6 1.0297952
11899.0 0.13262063 11899.0 1.1248024 11899.0 0.78507756 11899.1 0.98695364 11899.0 0.99217605
11899.5 0.12634519 11899.5 1.131872 11899.5 0.7803688 11899.5 0.97014965 11899.5 0.98221981
11900.0 0.13099981 11900.0 1.0988484 11900.0 0.77428872 11900.0 0.95324471 11900.0 0.96127571
11900.5 0.13179712 11900.5 1.1112551 11900.5 0.76897167 11900.5 0.93977733 11900.5 0.94289813
11901.0 0.12663329 11901.0 1.1251138 11901.0 0.76293001 11901.0 0.92611429 11901.0 0.9229667
11901.5 0.12907899 11901.5 1.069463 11901.5 0.75740032 11901.5 0.91218898 11901.5 0.90592702
11902.0 0.11566639 11902.0 1.0883012 11902.0 0.75084379 11902.0 0.89864053 11902.0 0.88799821
11902.5 0.11622277 11902.5 1.0202005 11902.5 0.74400887 11902.5 0.88724883 11902.5 0.87312496
11903.0 0.12431322 11903.0 1.0298379 11903.0 0.73756609 11903.0 0.87643835 11903.0 0.85648781
11904.0 0.13542994 11903.5 0.98858431 11904.0 0.72523874 11904.0 0.85521661 11904.0 0.82788824
11904.9 0.11777925 11904.0 1.0461914 11904.9 0.71741388 11905.0 0.84091115 11905.0 0.80764244
11905.9 0.13304651 11904.9 0.96049467 11905.9 0.71076221 11905.9 0.83058649 11905.9 0.7898597
20
Appendix A8. Processed XANES spectra for As standards, samples and experiments
11906.8 0.13190843 11905.9 0.98001645 11906.8 0.70580067 11906.8 0.82412043 11906.8 0.77724497
11907.8 0.13241483 11906.8 0.91230642 11907.8 0.70249176 11907.8 0.81922918 11907.8 0.76775785
11908.8 0.13222882 11907.8 0.9645086 11908.8 0.7039838 11908.7 0.81644508 11908.8 0.76053033
11909.7 0.13134059 11908.8 0.93406921 11909.7 0.7108554 11909.7 0.81660979 11909.7 0.75662289
11910.7 0.13436089 11909.7 0.9044474 11910.7 0.72239924 11910.7 0.81913585 11910.7 0.75656804
11911.7 0.14101867 11910.7 0.91926378 11911.7 0.73767623 11911.7 0.82198743 11911.7 0.75930412
11912.8 0.14150965 11911.7 0.93968959 11912.8 0.75428746 11912.8 0.82786523 11912.8 0.76599606
11913.8 0.15769406 11912.8 0.89893731 11913.8 0.77082782 11913.8 0.83466743 11913.8 0.77500509
11914.8 0.16269424 11913.8 0.93885643 11914.8 0.78571664 11914.8 0.84226391 11914.8 0.78760103
11915.9 0.14605857 11914.8 0.94873433 11915.9 0.79985103 11915.9 0.85088518 11915.9 0.80223854
11916.9 0.1430152 11915.9 0.92962059 11916.9 0.81158372 11916.9 0.86179916 11916.9 0.81725435
11918.0 0.14377581 11916.9 0.91091271 11918.0 0.82239847 11918.0 0.87175099 11918.0 0.82876872
11919.1 0.13542015 11918.0 0.94654848 11919.1 0.83132894 11919.1 0.8819016 11919.1 0.83726493
11920.2 0.13867442 11919.1 0.93572399 11920.2 0.84200221 11920.2 0.89110054 11920.2 0.84582826
11921.3 0.12948387 11920.2 0.98331055 11921.3 0.85538847 11921.3 0.90092908 11921.3 0.85378643
11922.5 0.13006193 11921.3 1.0234206 11922.5 0.8721971 11922.5 0.91000854 11922.5 0.86089173
11923.6 0.14554871 11922.5 0.98458405 11923.6 0.89041179 11923.6 0.91783872 11923.6 0.86891748
11924.8 0.13913947 11923.6 0.98449607 11924.8 0.90932791 11924.8 0.92537413 11924.8 0.87634525
11925.9 0.14501758 11924.8 0.99594144 11925.9 0.92705688 11925.9 0.93370867 11925.9 0.88331156
11927.1 0.15745212 11925.9 0.98971576 11927.1 0.9441836 11927.1 0.93871453 11927.1 0.89133999
11928.3 0.14040397 11927.1 1.0149635 11928.3 0.95904563 11928.3 0.94742788 11928.3 0.89899797
11929.5 0.14307609 11928.3 1.0597563 11929.5 0.97059053 11929.5 0.95609386 11929.5 0.90861303
11930.7 0.15243327 11929.5 1.0248526 11930.7 0.97954887 11930.7 0.96484944 11930.7 0.92236226
11931.9 0.17320559 11930.7 1.0971546 11931.9 0.99056339 11931.9 0.97210301 11931.9 0.93975833
11933.2 0.15672342 11931.9 1.0606523 11933.2 1.0015425 11933.2 0.98109124 11933.2 0.95649925
11934.4 0.16073057 11933.2 1.0877724 11934.4 1.0109285 11934.4 0.9940068 11934.4 0.97318927
11935.7 0.1655215 11934.4 1.0250746 11935.7 1.0174448 11935.7 1.0038342 11935.7 0.99213591
11936.9 0.18235 11935.7 1.0695084 11936.9 1.0227856 11936.9 1.0141211 11936.9 1.0090324
11938.2 0.16835448 11936.9 1.0996521 11938.2 1.0274617 11938.2 1.0201538 11938.2 1.0211962
11939.5 0.17355958 11938.2 1.0689593 11939.5 1.0343354 11939.5 1.0276008 11939.5 1.0317809
11940.8 0.17823007 11939.5 1.0725032 11940.8 1.0416691 11940.8 1.0346596 11940.9 1.0432386
11942.2 0.18041628 11940.8 1.111039 11942.2 1.0495326 11942.2 1.0436432 11942.2 1.0526487
11943.5 0.18466523 11942.2 1.0783653 11943.5 1.0556558 11943.5 1.0505537 11943.5 1.0608259
11944.8 0.18010577 11943.5 1.0747683 11944.8 1.0587375 11944.8 1.0558464 11944.8 1.0662088
11946.2 0.18929005 11944.8 1.0683018 11946.2 1.0600273 11946.2 1.0619437 11946.2 1.071962
11947.6 0.1899001 11946.2 1.0428279 11947.6 1.056552 11947.6 1.0665414 11947.6 1.0767159
11949.0 0.19797043 11947.6 1.0370577 11949.0 1.0494205 11949.0 1.0692452 11949.0 1.0808698
11950.4 0.18286178 11949.0 1.0604199 11950.4 1.0412051 11950.4 1.0710462 11950.4 1.0812966
11951.8 0.21203035 11950.4 1.0272337 11951.8 1.0326252 11951.8 1.0709256 11951.8 1.0821351
11953.2 0.19555584 11951.8 1.0507595 11953.2 1.0255156 11953.2 1.0694064 11953.2 1.0826239
11954.6 0.21361609 11953.2 1.0394703 11954.6 1.0201573 11954.6 1.0678259 11954.6 1.0816421
11956.1 0.21552504 11954.6 0.99372034 11956.1 1.01559 11956.1 1.0659395 11956.1 1.0818166
11957.5 0.22447065 11956.1 1.0628376 11957.5 1.0107958 11957.5 1.063476 11957.5 1.0825723
11959.0 0.22497694 11957.5 1.0429567 11959.0 1.0049901 11959.0 1.0603938 11959.0 1.0816154
11960.5 0.23166283 11959.0 1.0405451 11960.5 0.99867533 11960.5 1.0569702 11960.5 1.0788976
11962.0 0.22412036 11960.5 1.0579956 11962.0 0.99233364 11962.0 1.0526378 11962.0 1.0776257
11963.5 0.22995967 11962.0 1.0358288 11963.5 0.9873506 11963.5 1.0490533 11963.5 1.0760242
11965.0 0.24113361 11963.5 1.0276139 11965.0 0.98276813 11965.0 1.0447981 11965.0 1.0745682
11966.5 0.24504397 11965.0 1.0364458 11966.5 0.97870325 11966.5 1.0413016 11966.5 1.0732045
11968.1 0.24407893 11966.5 1.0603327 11968.1 0.97396544 11968.1 1.0354793 11968.1 1.0692664
11969.6 0.24586879 11968.1 1.0206596 11969.6 0.97033979 11969.6 1.0309997 11969.6 1.0655149
11971.2 0.24178851 11969.6 1.0348574 11971.2 0.96544059 11971.2 1.0281463 11971.2 1.0598459
11972.8 0.25991473 11971.2 1.001028 11972.8 0.96145362 11972.8 1.0237242 11972.8 1.0538164
11974.4 0.25446278 11972.8 1.0240853 11974.4 0.95739023 11974.4 1.0200365 11974.3 1.0465906
11976.0 0.26672322 11974.4 0.99757197 11976.0 0.95352308 11976.0 1.0156766 11976.0 1.0384079
11977.6 0.26068767 11976.0 1.0082945 11977.6 0.94894337 11977.6 1.010934 11977.6 1.0316484
11979.2 0.27450943 11977.6 0.9810356 11979.2 0.94362403 11979.2 1.0063195 11979.2 1.0214019
11980.8 0.27245015 11979.2 0.96509944 11980.8 0.93816816 11980.8 1.0024377 11980.8 1.0128099
11982.5 0.27851217 11980.8 0.96810217 11982.5 0.93278529 11982.5 0.99760725 11982.5 1.0043707
11984.2 0.28668675 11982.5 0.99616475 11984.2 0.92701863 11984.2 0.99458825 11984.2 0.99529361
11985.8 0.28865237 11984.2 0.96852153 11985.8 0.92217519 11985.8 0.98925019 11985.8 0.98591519
11987.5 0.29735865 11985.8 0.97446972 11987.5 0.9191241 11987.5 0.9847945 11987.5 0.97794574
11989.2 0.2921862 11987.5 0.94402982 11989.2 0.9170248 11989.2 0.98105161 11989.2 0.97080329
11990.9 0.30889431 11989.2 0.95225321 11990.9 0.91579395 11990.9 0.97766403 11990.9 0.96497551
11992.7 0.30101855 11990.9 0.94987015 11992.7 0.91483897 11992.7 0.9738135 11992.6 0.95937408
11994.4 0.31724957 11992.7 0.93901956 11994.4 0.91485103 11994.4 0.97183268 11994.4 0.95487705
11996.1 0.31700439 11994.4 0.96250248 11996.1 0.91550956 11996.2 0.97010871 11996.1 0.9502894
11997.9 0.31600916 11996.1 0.95509428 11997.9 0.91764642 11997.9 0.96811571 11997.9 0.94725602
11999.7 0.32878164 11997.9 0.94427292 11999.7 0.92091364 11999.7 0.96699655 11999.7 0.94418077
12001.5 0.3297248 11999.7 0.94288809 12001.5 0.92476106 12001.5 0.96708304 12001.5 0.94161173
12003.3 0.34620202 12001.5 0.93344589 12003.3 0.9300586 12003.3 0.9665612 12003.3 0.94139241
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12005.1 0.34429429 12003.3 0.96572064 12005.1 0.93585442 12005.1 0.9677454 12005.1 0.94020613
12006.9 0.36509245 12005.1 0.95604527 12006.9 0.94163657 12006.9 0.96929711 12006.9 0.9417673
12008.7 0.38520723 12008.7 0.94866515 12008.7 0.96931823 12008.7 0.94279083
12010.6 0.39505413 12010.6 0.95549681 12010.6 0.96948764 12010.6 0.94463255
12012.4 0.40032025 12012.4 0.96207817 12012.5 0.97177354 12012.4 0.9468867
12014.3 0.40947436 12014.3 0.96736023 12014.3 0.97190533 12014.3 0.95041052
12016.2 0.42716357 12016.2 0.97269165 12016.2 0.97350843 12016.2 0.95312653
12018.1 0.43671467 12018.1 0.97822501 12018.1 0.97426511 12018.1 0.95774292
12020.0 0.43755164 12020.0 0.98334497 12020.0 0.97572061 12020.0 0.95936893
12021.9 0.43331792 12021.9 0.98845127 12021.9 0.97741707 12021.9 0.96347038
12023.9 0.442244 12023.9 0.99330016 12023.9 0.97851424 12023.8 0.96575957
12025.8 0.43096065 12025.8 0.997419 12025.8 0.98078463 12025.8 0.9684851
12027.8 0.43880232 12027.7 1.0012387 12027.7 0.98153599 12027.8 0.97156333
12029.7 0.44601864 12029.7 1.0051236 12029.7 0.98426092 12029.7 0.97548199
12031.7 0.44307715 12031.7 1.008972 12031.7 0.98531782 12031.7 0.9786699
12033.7 0.45299915 12033.7 1.0128978 12033.7 0.98794521 12033.7 0.98017141
12035.7 0.45147047 12035.7 1.0143812 12035.7 0.98962363 12035.7 0.98616952
12037.7 0.44330129 12037.7 1.0147503 12037.7 0.99233464 12037.7 0.98935291
12039.8 0.44466379 12039.8 1.0163266 12039.8 0.99480111 12039.7 0.99454289
12041.8 0.46032284 12041.8 1.0156826 12041.8 0.99790477 12041.8 0.9990853
12043.8 0.45172193 12043.8 1.0132913 12043.9 0.99938728 12043.8 1.003577
12045.9 0.45071249 12045.9 1.012193 12045.9 1.0027256 12045.9 1.0062286
12048.0 0.48801323 12048.0 1.0106269 12048.0 1.0049457 12048.0 1.0089673
12050.1 0.4787393 12050.1 1.0070034 12050.1 1.0073392 12050.1 1.0106026
12052.2 0.46874748 12052.2 1.0052088 12052.2 1.0081477 12052.2 1.0135694
12054.3 0.48836968 12054.3 1.0028414 12054.3 1.0097675 12054.3 1.0159359
12056.4 0.48582185 12056.4 1.0006612 12056.4 1.0118085 12056.4 1.0168615
12058.6 0.4983508 12058.6 0.99942064 12058.6 1.0133464 12058.6 1.0191693
12060.7 0.50537683 12060.7 0.99801531 12060.7 1.014399 12060.7 1.0203163
12062.9 0.51355634 12062.9 0.99742499 12062.9 1.015784 12062.9 1.0210059
12065.1 0.52203362 12065.1 0.9976133 12065.1 1.0168947 12065.1 1.0216225
12067.2 0.52167852 12067.2 0.99828799 12067.3 1.0171982 12067.3 1.020939
12069.4 0.52538527 12069.5 0.99862496 12069.5 1.0179527 12069.5 1.0199742
12071.7 0.52966493 12071.7 0.99919308 12071.7 1.0186959 12071.7 1.0199282
12073.9 0.53805287 12073.9 0.99880257 12073.9 1.0181324 12073.9 1.0202255
12076.1 0.54882894 12076.1 0.99834698 12076.1 1.0183641 12076.1 1.0193118
12078.4 0.55582455 12078.4 0.99778329 12078.4 1.0180621 12078.4 1.0183225
12080.6 0.56781227 12080.6 0.99628202 12080.6 1.0174629 12080.6 1.0170107
12082.9 0.56492746 12082.9 0.99549891 12082.9 1.0173192 12082.9 1.0156715
12085.2 0.58238611 12085.2 0.99448281 12085.2 1.0162619 12085.2 1.0137426
12087.5 0.58701224 12087.5 0.99369587 12087.5 1.0146265 12087.5 1.0137501
12089.8 0.59996744 12089.8 0.99321346 12089.8 1.0128615 12089.8 1.0117786
12092.1 0.6097937 12092.1 0.99270279 12092.1 1.0115427 12092.1 1.0104148
12094.5 0.61950335 12094.5 0.99236608 12094.5 1.009026 12094.5 1.0095348
12096.8 0.62310879 12096.8 0.99231665 12096.8 1.0074596 12096.8 1.0084999
12099.2 0.65077328 12099.2 0.99252265 12099.2 1.0050059 12099.2 1.0070718
12101.5 0.70102713 12101.5 0.99210143 12101.5 1.0039097 12101.5 1.0054591
12103.9 0.66337221 12103.9 0.99095998 12103.9 1.0018277 12103.9 1.0027405
12106.3 0.68837068 12106.3 0.98970615 12106.3 0.99847498 12106.3 1.0001699
12108.7 0.69631 12108.7 0.98842419 12108.7 0.99593119 12108.7 0.99881982
12111.1 0.7150423 12111.2 0.98649681 12111.1 0.99398196 12111.1 0.99677694
12113.6 0.71862735 12113.6 0.98496033 12113.6 0.99283688 12113.6 0.99426569
12116.0 0.74748882 12116.0 0.98416261 12116.0 0.99163116 12116.0 0.99344031
12118.5 0.77439343 12118.5 0.98368667 12118.5 0.98944175 12118.5 0.99182109
12120.9 0.77814469 12121.0 0.98319272 12120.9 0.98839166 12121.0 0.98940968
12123.4 0.8042161 12123.4 0.98303002 12123.4 0.98774982 12123.4 0.98893344
12125.9 0.81444126 12125.9 0.98368023 12125.9 0.98649817 12125.9 0.98641675
12128.4 0.81354774 12128.4 0.98487257 12128.4 0.98616771 12128.4 0.98708047
12130.9 0.81383942 12130.9 0.98585262 12130.9 0.98623961 12130.9 0.98559894
12133.5 0.81487589 12133.5 0.98777638 12133.5 0.98633206 12133.5 0.98455836
12136.0 0.81374803 12136.0 0.99013869 12136.0 0.98553362 12136.0 0.98391658
12138.6 0.81248103 12138.6 0.992859 12138.6 0.98607258 12138.6 0.98474179
12141.1 0.82986663 12141.1 0.99582515 12141.1 0.98740476 12141.1 0.98570693
12143.7 0.81578216 12143.7 0.99965053 12143.7 0.98821832 12143.7 0.98527992
12146.3 0.82976195 12146.3 1.0030009 12146.3 0.98912878 12146.3 0.98530705
12148.9 0.82782575 12148.9 1.0061948 12148.9 0.9896664 12148.9 0.98679822
12151.5 0.83689185 12151.5 1.0100615 12151.5 0.99051682 12151.5 0.98825882
12154.2 0.83841655 12154.2 1.0131262 12154.2 0.99282143 12154.2 0.98867786
12156.8 0.84330731 12156.8 1.0152665 12156.8 0.9935821 12156.8 0.98875316
12159.4 0.85365101 12159.4 1.0163896 12159.4 0.99580353 12159.4 0.98968925
12162.1 0.86039409 12162.1 1.0171676 12162.1 0.99602783 12162.1 0.99024385
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12164.8 0.86484467 12164.8 1.0169232 12164.8 0.99743301 12164.8 0.99180525
12167.5 0.88138836 12167.5 1.0162131 12167.5 0.99818209 12167.5 0.9935655
12170.2 0.88199019 12170.2 1.0154436 12170.2 0.99901832 12170.2 0.99483767
12172.9 0.89737933 12172.9 1.0137651 12172.9 1.0002504 12172.9 0.99408491
12175.6 0.90728189 12175.6 1.0120708 12175.6 1.0007846 12175.6 0.99397317
12178.3 0.90594425 12178.3 1.0094333 12178.3 1.000882 12178.3 0.99561458
12181.1 0.92068635 12181.1 1.0075309 12181.1 1.0013879 12181.1 0.99722053
12183.9 0.92940701 12183.9 1.0057419 12183.9 1.0015126 12183.8 0.99688064
12186.6 0.93086174 12186.6 1.0039151 12186.6 1.0021175 12186.6 0.9989665
12189.4 0.95199766 12189.4 1.0020449 12189.4 1.0014632 12189.4 0.99875834
12192.2 1.0201908 12192.2 1.0012734 12192.2 1.0021967 12192.2 1.0011866
12195.0 0.9726197 12195.0 1.000388 12195.0 1.0012006 12195.0 1.0007337
12197.8 0.98071837 12197.8 0.99974906 12197.8 1.0016136 12197.8 1.0027826
12200.7 0.98851285 12200.7 0.99979645 12200.7 1.001546 12200.7 1.0036612
12203.5 1.0147986 12203.5 1.0000777 12203.5 1.001192 12203.5 1.0042803
12206.4 1.0176811 12206.4 1.0003935 12206.4 1.000784 12206.4 1.004686
12209.3 1.0209658 12209.3 1.0010632 12209.2 1.0014478 12209.3 1.00377
12212.1 1.0352296 12212.1 1.0020137 12212.1 1.0003053 12212.1 1.0032715
12215.0 1.0462426 12215.0 1.0029448 12215.0 1.0004596 12215.0 1.0037185
12217.9 1.0590581 12217.9 1.0039847 12217.9 0.99982041 12217.9 1.005022
12220.9 1.0739078 12220.9 1.0051203 12220.9 1.0000614 12220.9 1.0051593
12223.8 1.0868844 12223.8 1.0057224 12223.8 1.0003158 12223.8 1.0046021
12226.7 1.0962379 12226.8 1.0070405 12226.8 1.0010494 12226.7 1.0050239
12229.7 1.1048966 12229.7 1.007365 12229.7 1.0002299 12229.7 1.0052782
12232.7 1.0070177 12232.7 1.0004212 12232.7 1.0050591
12235.6 1.0070102 12235.6 1.00042 12235.6 1.0064644
12238.6 1.0061797 12238.6 1.0011374 12238.6 1.0054968
12241.7 1.0054702 12241.7 1.0005782 12241.7 1.0049061
12244.7 1.0037173 12244.7 1.0026979 12244.7 1.0050698
12247.7 1.0021862 12247.7 1.0018934 12247.7 1.0048706
12250.7 1.000543 12250.7 1.0018645 12250.7 1.0032325
12253.8 0.99921884 12253.8 1.0020812 12253.8 1.0035769
12256.9 0.99728413 12256.9 1.0018181 12256.9 1.0025457
12259.9 0.99607161 12259.9 1.0018245 12259.9 1.0029289
12263.0 0.99449229 12263.0 1.0023764 12263.0 1.0014288
12266.1 0.99327829 12266.1 1.002233 12266.1 1.0018464
12269.2 0.99276985 12269.2 1.0023101 12269.2 1.0008679
12272.4 0.9925194 12272.4 1.0015972 12272.4 1.0013084
12275.5 0.99235088 12275.5 1.0015196 12275.5 1.0007178
12278.7 0.99225 12278.7 1.0011107 12278.7 0.9995371
12281.8 0.9927847 12281.8 1.0016438 12281.8 0.99959641
12285.0 0.99374938 12285.0 1.000902 12285.0 0.9989785
12288.2 0.99452801 12288.2 1.0005073 12288.2 0.99828356
12291.4 0.99582425 12291.4 1.0002885 12291.4 0.99828036
12294.6 0.99709431 12294.6 0.99991895 12294.6 0.99887436
12297.8 0.99809957 12297.8 1.0000383 12297.8 0.99895766
12301.1 0.99970418 12301.1 1.0000913 12301.1 0.99820604
12304.3 1.0005878 12304.3 0.99934747 12304.3 0.99834922
12307.6 1.001651 12307.6 0.99925894 12307.6 0.99851329
12310.9 1.0023266 12310.9 0.99911872 12310.9 0.9983654
12314.1 1.0023842 12314.1 0.99859921 12314.1 0.99867647
12317.4 1.0029361 12317.4 0.99948362 12317.4 0.99779258
12320.7 1.0026682 12320.7 0.99970794 12320.7 0.99880083
12324.1 1.0023633 12324.1 0.99811601 12324.1 0.99896115
12327.4 1.0013207 12327.4 0.99909707 12327.4 0.9996289
12330.7 1.0004 12330.8 0.99922814 12330.8 1.0001531
12334.1 0.9990447 12334.1 0.99945906 12334.1 1.0009119
12337.5 0.99794905 12337.5 1.0007112 12337.5 1.0012114
12340.9 0.99667291 12340.9 1.0014039 12340.9 1.0014629
12344.3 0.99495519 12344.3 1.0013789 12344.3 1.0029793
12347.7 0.99326727 12347.7 1.0026473 12347.7 1.0027215
12351.1 0.99215747 12351.1 1.0031231 12351.1 1.003517
12354.5 0.9911364 12354.5 1.0043197 12354.5 1.0036388
12358.0 0.99029489 12358.0 1.0051485 12358.0 1.0052537
12361.4 0.98893375 12361.4 1.0059599 12361.4 1.0057888
12364.9 0.98819286 12364.9 1.0062202 12364.9 1.0061429
12368.4 0.98804745 12368.4 1.0069618 12368.4 1.0067154
12371.9 0.98771702 12371.9 1.0077058 12371.9 1.007754
12375.4 0.98794889 12375.4 1.0088082 12375.4 1.0077798
12378.9 0.98803595 12378.9 1.0095423 12378.9 1.0089814
12382.4 0.98836993 12382.4 1.0104762 12382.4 1.0093597
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12386.0 0.98781489 12386.0 1.0113886 12386.0 1.0103172
12389.5 0.98781226 12389.5 1.0117766 12389.5 1.0117477
12393.1 0.98797439 12393.1 1.0132956 12393.1 1.0111806
12396.6 0.98843099 12396.7 1.0133285 12396.7 1.0114184
12400.2 0.9877355 12400.2 1.0135234 12400.2 1.012514
12403.8 0.98733944 12403.8 1.0143307 12403.8 1.0135172
12407.5 0.98691261 12407.5 1.0147187 12407.5 1.0138251
12411.1 0.98634383 12411.1 1.0151673 12411.1 1.0141615
12414.7 0.98554785 12414.7 1.0151737 12414.7 1.0148579
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
11719.3 0.00174528 11719.3 6.16E-02 11719.3 9.71E-02 11719.3 3.24E-03 11719.3 9.91E-03
11724.9 0.00105528 11724.9 0.12841939 11724.9 3.92E-02 11724.9 2.64E-03 11724.9 3.21E-03
11730.5 0.0007311 11730.4 2.87E-02 11730.4 4.32E-03 11730.4 2.36E-03 11730.4 2.07E-03
11736.1 0.00060936 11736.1 5.88E-02 11736.1 -2.85E-02 11736.1 1.72E-03 11736.1 -3.61E-04
11741.7 0.00012718 11741.7 8.90E-04 11741.7 -3.54E-02 11741.7 1.10E-03 11741.7 -5.11E-03
11747.4 0.00031014 11747.3 3.47E-02 11747.3 8.87E-03 11747.3 4.70E-04 11747.3 -3.57E-03
11753.0 -0.00014591 11752.9 1.13E-02 11752.9 7.10E-02 11752.9 2.08E-04 11752.9 -2.98E-03
11758.7 -0.00080626 11758.5 2.96E-03 11758.5 -1.49E-02 11758.5 -4.60E-04 11758.5 -1.43E-03
11764.3 -0.00060258 11764.2 -3.70E-02 11764.2 -6.57E-02 11764.2 -1.15E-03 11764.2 -3.53E-03
11770.0 -0.00069319 11769.8 -0.11471883 11769.8 -1.84E-02 11769.8 -9.41E-04 11769.8 9.61E-04
11775.6 -0.0010233 11775.4 1.51E-03 11775.4 -0.10622122 11775.4 -1.56E-03 11775.4 2.98E-03
11781.3 -0.00117489 11781.1 -0.11900202 11781.1 1.01E-02 11781.1 -1.80E-03 11781.1 1.13E-03
11787.0 -0.00113078 11786.7 -2.78E-02 11786.7 1.83E-02 11786.7 -1.69E-03 11786.7 -6.63E-04
11792.7 -0.00071453 11792.4 -7.16E-02 11792.4 1.04E-02 11792.4 -2.23E-03 11792.4 -4.06E-03
11798.3 -0.00099009 11798.0 -7.21E-02 11798.0 -9.31E-02 11798.0 -2.37E-03 11798.0 -1.77E-03
11804.0 -0.00121245 11803.7 -5.00E-02 11803.7 -2.15E-02 11803.7 -2.23E-03 11803.7 -3.98E-03
11809.7 -0.0009354 11809.4 -2.14E-02 11809.4 -0.10202817 11809.4 -1.94E-03 11809.4 -3.82E-03
11815.4 -0.00094546 11815.1 -6.63E-02 11815.1 2.89E-02 11815.1 -1.82E-03 11815.1 -5.34E-03
11821.1 -0.00060876 11820.8 1.13E-02 11820.8 4.60E-02 11820.8 -1.05E-03 11820.8 -3.26E-04
11826.9 0.00088141 11826.5 6.09E-02 11826.5 4.73E-02 11826.5 -3.62E-04 11826.5 3.73E-03
11832.6 0.00193004 11832.1 5.00E-02 11832.1 6.32E-02 11832.1 1.12E-03 11832.1 3.54E-03
11838.3 0.00359379 11837.8 8.38E-02 11837.8 4.13E-02 11837.8 3.27E-03 11837.8 9.39E-03
11844.0 0.00659152 11843.6 0.10669348 11843.6 0.11141014 11843.6 6.70E-03 11843.6 1.74E-02
11851.0 0.0139732 11851.0 0.14153254 11851.0 7.80E-02 11851.0 1.64E-02 11851.0 2.90E-02
11851.5 0.01475468 11852.0 0.1463123 11852.0 4.78E-02 11851.5 1.73E-02 11851.5 3.07E-02
11852.0 0.01554906 11852.9 0.1520085 11852.9 0.12013476 11852.0 1.83E-02 11852.0 2.96E-02
11852.4 0.01645155 11853.9 0.14168788 11853.9 0.10166195 11852.4 1.90E-02 11852.4 2.95E-02
11852.9 0.01747579 11854.9 0.14630637 11854.9 9.20E-02 11852.9 2.02E-02 11852.9 3.13E-02
11853.4 0.01875292 11855.9 0.15459308 11855.9 8.25E-02 11853.4 2.17E-02 11853.4 3.38E-02
11853.9 0.01929407 11856.8 0.2459083 11856.8 0.12098032 11853.9 2.29E-02 11853.9 3.61E-02
11854.4 0.02074663 11857.8 0.20970891 11857.8 7.85E-02 11854.4 2.43E-02 11854.4 3.74E-02
11854.9 0.02243683 11858.8 0.14775007 11858.8 0.150956 11854.9 2.56E-02 11854.9 4.07E-02
11855.4 0.02402245 11859.8 0.16462289 11859.8 0.19210212 11855.4 2.72E-02 11855.4 3.97E-02
11855.9 0.02563261 11860.8 0.1556757 11860.8 0.17799246 11855.9 2.89E-02 11855.9 4.27E-02
11856.4 0.02744998 11861.7 0.23490512 11861.7 0.22366362 11856.4 3.10E-02 11856.4 4.61E-02
11856.9 0.02930525 11862.7 0.28474069 11862.7 0.22941449 11856.8 3.31E-02 11856.8 4.91E-02
11857.3 0.0313423 11863.7 0.26649407 11863.7 0.24571691 11857.3 3.53E-02 11857.3 5.13E-02
11857.8 0.03379974 11864.7 0.34428274 11864.7 0.23619288 11857.8 3.78E-02 11857.8 5.34E-02
11858.3 0.03589505 11865.7 0.36014124 11865.7 0.29506272 11858.3 4.06E-02 11858.3 5.52E-02
11858.8 0.03885104 11866.6 0.46431114 11866.6 0.44681004 11858.8 4.29E-02 11858.8 6.26E-02
11859.3 0.04232367 11867.6 0.60542336 11867.6 0.59630984 11859.3 4.65E-02 11859.3 6.83E-02
11859.8 0.04635151 11868.6 0.9517516 11868.6 0.95636104 11859.8 5.04E-02 11859.8 6.98E-02
11860.3 0.05078348 11869.6 1.3529467 11869.6 1.6149132 11860.3 5.50E-02 11860.3 7.84E-02
11860.8 0.05576926 11870.6 1.65704 11870.6 2.0624 11860.8 5.98E-02 11860.8 8.22E-02
11861.2 0.06255047 11871.5 1.9083857 11871.5 2.0110755 11861.2 6.54E-02 11861.2 8.91E-02
11861.7 0.06924105 11872.5 2.0569187 11872.5 1.9891464 11861.7 7.25E-02 11861.7 0.1005848
11862.2 0.07806546 11873.5 2.474082 11873.5 2.2139512 11862.2 8.01E-02 11862.2 0.11114885
11862.7 0.08778801 11874.5 2.9099826 11874.5 2.4570709 11862.7 8.91E-02 11862.7 0.11973184
11863.2 0.10015566 11875.5 2.9275188 11875.5 2.186596 11863.2 9.96E-02 11863.2 0.13675828
11863.7 0.11252285 11876.4 2.5212238 11876.4 1.9153031 11863.7 0.11314004 11863.7 0.15559139
11864.2 0.13097793 11877.4 2.0908367 11877.4 1.6258971 11864.2 0.1290404 11864.2 0.18002886
11864.7 0.14982023 11878.4 1.7973616 11878.4 1.4211202 11864.7 0.14793649 11864.7 0.21042735
11865.2 0.17820039 11879.4 1.6499429 11879.4 1.3729458 11865.2 0.17316985 11865.2 0.24549566
11865.7 0.2116858 11880.4 1.5525099 11880.4 1.3249537 11865.7 0.20396651 11865.7 0.30095703
11866.1 0.26599343 11881.3 1.4623436 11881.3 1.3209206 11866.1 0.24654452 11866.1 0.37004674
11866.6 0.33135058 11882.3 1.4655948 11882.3 1.3425162 11866.6 0.30524083 11866.6 0.46683251
11867.1 0.43091182 11883.3 1.4603408 11883.3 1.3500343 11867.1 0.38683748 11867.1 0.6055509
NaAsO2 RCS15 RC102 RCS108 RCS120
24
Appendix A8. Processed XANES spectra for As standards, samples and experiments
11867.6 0.58527836 11884.3 1.407922 11884.3 1.3087845 11867.6 0.50621938 11867.6 0.81884363
11868.1 0.846111 11885.3 1.3397435 11885.3 1.2443155 11868.1 0.65807977 11868.1 1.1157521
11868.6 1.1841821 11886.3 1.3722238 11886.3 1.2790857 11868.6 0.85129486 11868.6 1.4539233
11869.1 1.8309442 11887.2 1.3257394 11887.2 1.2348963 11869.1 1.0458813 11869.1 1.8327773
11869.6 2.5176892 11888.2 1.2989024 11888.2 1.1877557 11869.6 1.228285 11869.6 2.1174345
11870.1 3.2289638 11889.2 1.2965479 11889.2 1.2135338 11870.1 1.3699527 11870.1 2.3089916
11870.6 3.4381155 11890.2 1.2750034 11890.2 1.1934751 11870.6 1.4466515 11870.6 2.3616609
11871.0 3.1424057 11891.2 1.2934774 11891.2 1.1710559 11871.0 1.4698344 11871.0 2.2901187
11871.5 2.7180557 11892.2 1.2411956 11892.2 1.1621776 11871.5 1.4652516 11871.5 2.1312322
11872.0 2.3323435 11893.1 1.1880168 11893.1 1.1407389 11872.0 1.4830007 11872.0 1.9649406
11872.5 2.1602369 11894.1 1.254756 11894.1 1.0782332 11872.5 1.5704732 11872.5 1.8337587
11873.0 2.0667931 11895.1 1.1992115 11895.1 1.1087975 11873.0 1.7473093 11873.0 1.7578401
11873.5 1.9881954 11896.1 1.1866889 11896.1 1.105175 11873.5 1.9659976 11873.5 1.7569443
11874.0 1.8688153 11897.1 1.1850404 11897.1 1.0613903 11874.0 2.1423207 11874.0 1.8125208
11874.5 1.716276 11898.1 1.2118828 11898.1 1.0194236 11874.5 2.2087825 11874.5 1.8959119
11875.0 1.5598121 11899.0 1.127181 11899.0 1.051187 11875.0 2.1460009 11875.0 1.9557082
11875.4 1.4281139 11900.0 1.08223 11900.0 1.0013084 11875.5 1.9834676 11875.5 1.9556944
11875.9 1.3341417 11901.0 1.1169198 11901.0 1.065613 11875.9 1.7938946 11875.9 1.9040167
11876.4 1.2598624 11902.0 1.059503 11902.0 0.94746967 11876.4 1.6235226 11876.4 1.8353127
11876.9 1.2168254 11903.0 1.0096133 11903.0 0.94780155 11876.9 1.4959305 11876.9 1.7341781
11877.4 1.1903268 11904.0 1.0484871 11904.0 1.0050314 11877.4 1.4015564 11877.4 1.647732
11877.9 1.186807 11904.9 0.97822563 11904.9 0.86757426 11877.9 1.3392533 11877.9 1.5525604
11878.4 1.198145 11905.9 0.99159517 11905.9 0.9274117 11878.4 1.2993554 11878.4 1.4766302
11878.9 1.219019 11906.8 0.93361111 11906.8 0.97504835 11878.9 1.2763125 11878.9 1.407134
11879.4 1.2400118 11907.8 0.99430431 11907.8 0.89844746 11879.4 1.2614985 11879.4 1.3634815
11879.9 1.2608898 11908.8 0.95546323 11908.8 0.90761003 11879.9 1.24852 11879.9 1.3241687
11880.4 1.2803105 11909.7 0.89829265 11909.7 0.93704706 11880.4 1.2386105 11880.4 1.2917247
11880.9 1.3092017 11910.7 0.93844569 11910.7 1.018476 11880.9 1.2275022 11880.9 1.2634559
11881.3 1.3315856 11911.7 0.9970648 11911.7 0.9763662 11881.3 1.2120089 11881.3 1.2509318
11881.8 1.3449666 11912.8 0.92933565 11912.8 0.92833629 11881.8 1.1957214 11881.8 1.2307569
11882.3 1.3431994 11913.8 0.9537742 11913.8 0.90104139 11882.3 1.1785302 11882.3 1.2114403
11882.8 1.3224453 11914.8 0.95406237 11914.8 1.0221897 11882.8 1.165992 11882.8 1.2002524
11883.3 1.2840082 11915.9 0.96095603 11915.9 0.9608176 11883.3 1.153584 11883.3 1.1930768
11883.8 1.2278677 11916.9 0.98563382 11916.9 1.0173876 11883.8 1.1425138 11883.8 1.1838534
11884.3 1.1666695 11918.0 0.99700312 11918.0 1.0145119 11884.3 1.1367026 11884.3 1.170303
11884.8 1.102117 11919.1 0.97576244 11919.1 0.9977305 11884.8 1.1330225 11884.8 1.1632691
11885.3 1.0510478 11920.2 0.96492456 11920.2 0.94246166 11885.3 1.1329729 11885.3 1.1530697
11885.8 1.0067075 11921.3 0.94836168 11921.3 0.90911992 11885.8 1.1295652 11885.8 1.1530874
11886.3 0.97819331 11922.5 1.0366143 11922.5 1.0132058 11886.3 1.1286163 11886.3 1.1411651
11886.7 0.95629412 11923.6 1.0284367 11923.6 0.99274608 11886.7 1.1256515 11886.7 1.1315655
11887.2 0.94612549 11924.8 0.99712828 11924.8 1.0466216 11887.2 1.1197021 11887.2 1.1217451
11887.7 0.94176462 11925.9 1.0608287 11925.9 1.0531014 11887.7 1.1150078 11887.7 1.114785
11888.2 0.94256117 11927.1 1.0171954 11927.1 1.0214958 11888.2 1.1093643 11888.2 1.106885
11888.7 0.9465339 11928.3 1.0118069 11928.3 1.0357132 11888.7 1.1055179 11888.7 1.1004027
11889.2 0.95175104 11929.5 1.0410239 11929.5 1.0025692 11889.2 1.1031917 11889.2 1.098123
11889.7 0.95708237 11930.7 1.0365087 11930.7 0.97352808 11889.7 1.0997254 11889.7 1.0874045
11890.2 0.96290283 11931.9 1.1101634 11931.9 1.048576 11890.2 1.0961208 11890.2 1.0849586
11890.7 0.96829091 11933.2 1.0389015 11933.2 1.0759482 11890.7 1.0939017 11890.7 1.074262
11891.2 0.97344726 11934.4 1.0463285 11934.4 1.0253819 11891.2 1.0923553 11891.2 1.0745162
11891.7 0.97681492 11935.7 1.0593256 11935.7 1.0612339 11891.7 1.0882712 11891.7 1.0621559
11892.2 0.97913914 11936.9 1.0594328 11936.9 1.1083058 11892.2 1.0856453 11892.2 1.0547547
11892.6 0.97812328 11938.2 1.0302066 11938.2 1.0655403 11892.6 1.0825823 11892.6 1.0522692
11893.1 0.97576915 11939.5 1.0316547 11939.5 1.0769885 11893.1 1.0799231 11893.1 1.0442269
11893.6 0.97098851 11940.8 1.0386392 11940.8 1.1125715 11893.6 1.0750443 11893.6 1.0347388
11894.1 0.96475319 11942.2 1.0801081 11942.2 1.0497539 11894.1 1.0703867 11894.1 1.0322665
11894.6 0.95774369 11943.5 1.0590584 11943.5 1.0218251 11894.6 1.0644939 11894.6 1.0304242
11895.1 0.95070353 11944.8 0.99749659 11944.8 1.06673 11895.1 1.0599988 11895.1 1.01917
11895.6 0.94420559 11946.2 0.97634979 11946.2 1.0383931 11895.6 1.0539329 11895.6 1.0149885
11896.1 0.93698058 11947.6 1.0501196 11947.6 1.0363148 11896.1 1.0466303 11896.1 1.0087397
11896.6 0.92894384 11949.0 1.0339603 11949.0 1.0969744 11896.6 1.0380579 11896.6 0.99959037
11897.1 0.92032387 11950.4 1.0150782 11950.4 1.0338155 11897.1 1.0300408 11897.1 0.99661976
11897.6 0.91060669 11951.8 1.0049415 11951.8 1.0695197 11897.6 1.0209367 11897.6 0.99113107
11898.1 0.89948013 11953.2 1.0125856 11953.2 1.0475585 11898.1 1.0103163 11898.1 0.97919566
11898.6 0.88861088 11954.6 1.0188798 11954.6 1.0350942 11898.6 1.0017938 11898.6 0.97433092
11899.1 0.87739431 11956.1 1.0568666 11956.1 1.0437688 11899.0 0.98953101 11899.0 0.97185194
11899.5 0.86604028 11957.5 1.0389117 11957.5 1.0157445 11899.5 0.97890139 11899.5 0.96459172
11900.0 0.85394648 11959.0 1.0080388 11959.0 1.0283595 11900.0 0.96626054 11900.0 0.95974028
11900.5 0.84539321 11960.5 1.019929 11960.5 0.9589121 11900.5 0.95430868 11900.5 0.94862961
11901.0 0.83751774 11962.0 1.0235693 11962.0 0.99891086 11901.0 0.94221313 11901.0 0.94421118
11901.5 0.83107303 11963.5 1.0125269 11963.5 1.0632239 11901.5 0.93125962 11901.5 0.94463081
11902.0 0.82607666 11965.0 0.99068968 11965.0 1.0080721 11902.0 0.91755532 11902.0 0.93623957
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11902.5 0.82323257 11966.5 1.0277245 11966.5 1.0192883 11902.5 0.90760264 11902.5 0.9292786
11903.0 0.82118647 11968.1 1.0058563 11968.1 1.0101553 11903.0 0.89674464 11903.0 0.93148798
11904.0 0.81900381 11969.6 1.0031349 11969.6 0.98942534 11903.5 0.88721461 11903.5 0.93151059
11905.0 0.82032098 11971.2 1.0034603 11971.2 0.98044693 11904.0 0.87860417 11904.0 0.92453964
11905.9 0.82117582 11972.8 0.99800313 11972.8 0.98132683 11904.9 0.86555891 11904.9 0.91677031
11906.8 0.82260582 11974.4 0.94453429 11974.4 0.98671816 11905.9 0.85570276 11905.9 0.92016969
11907.8 0.82274546 11976.0 0.95317838 11976.0 0.99324738 11906.8 0.84853913 11906.8 0.91328857
11908.8 0.82186102 11977.6 0.94088435 11977.6 0.9882315 11907.8 0.84191373 11907.8 0.92106596
11909.7 0.82270917 11979.2 0.9549623 11979.2 0.99349493 11908.8 0.84167733 11908.8 0.92136027
11910.7 0.82582006 11980.8 0.99179665 11980.8 0.9886699 11909.7 0.84215333 11909.7 0.92238388
11911.7 0.83201224 11982.5 0.97434546 11982.5 0.90928271 11910.7 0.84543846 11910.7 0.92619808
11912.8 0.83948917 11984.2 0.96994832 11984.2 0.99363428 11911.7 0.85088719 11911.7 0.93314266
11913.8 0.8490783 11985.8 0.93187866 11985.8 0.95769887 11912.8 0.85737118 11912.8 0.93906196
11914.8 0.85947123 11987.5 0.95249376 11987.5 0.90201982 11913.8 0.86544634 11913.8 0.95091211
11915.9 0.87050441 11989.2 0.96876656 11989.2 0.971187 11914.8 0.87598107 11914.8 0.95538682
11916.9 0.88277332 11990.9 0.98192984 11990.9 0.94055521 11915.9 0.88474962 11915.9 0.96163208
11918.0 0.8927966 11992.7 0.97337616 11992.7 1.0425566 11916.9 0.89381693 11916.9 0.97454877
11919.1 0.90279817 11994.4 1.0024558 11994.4 0.99708647 11918.0 0.90386173 11918.0 0.98539411
11920.2 0.91340615 11996.1 0.97951019 11996.1 1.0012446 11919.1 0.91463597 11919.1 0.99076889
11921.3 0.92404611 11997.9 0.99899788 11997.9 0.94163698 11920.2 0.92508391 11920.2 1.0061136
11922.5 0.93580409 11999.7 1.0024816 11999.7 0.93206494 11921.3 0.93625343 11921.3 1.0147443
11923.6 0.9471795 12001.5 1.0250891 12001.5 0.97552195 11922.5 0.94577781 11922.5 1.0244464
11924.8 0.96022942 12003.3 1.0042214 12003.3 0.95658674 11923.6 0.95332675 11923.6 1.0280374
11925.9 0.97247173 12005.1 1.0108489 12005.1 1.0198432 11924.8 0.95998009 11924.8 1.0375203
11927.1 0.98654666 11925.9 0.9683428 11925.9 1.0429504
11928.3 1.000542 11927.1 0.97530184 11927.1 1.0507068
11929.5 1.0116373 11928.3 0.98234202 11928.3 1.0552856
11930.7 1.0196877 11929.5 0.98921659 11929.5 1.0619084
11931.9 1.0253044 11930.7 0.99689156 11930.7 1.0647606
11933.2 1.0310494 11931.9 1.0062173 11931.9 1.0646151
11934.4 1.0356087 11933.2 1.0109623 11933.2 1.0642446
11935.7 1.0410504 11934.4 1.0182881 11934.4 1.0639632
11936.9 1.0446977 11935.7 1.0247866 11935.7 1.0659563
11938.2 1.046894 11936.9 1.0323032 11936.9 1.0646412
11939.5 1.0485878 11938.2 1.0309298 11938.2 1.0650828
11940.8 1.0492196 11939.5 1.0324244 11939.5 1.0609013
11942.2 1.0483107 11940.8 1.0352829 11940.8 1.0627191
11943.5 1.0469653 11942.2 1.0362743 11942.2 1.0607576
11944.8 1.045639 11943.5 1.0389716 11943.5 1.0492231
11946.2 1.0428484 11944.8 1.0393012 11944.8 1.0458503
11947.6 1.0383947 11946.2 1.0384784 11946.2 1.0448053
11949.0 1.0316449 11947.6 1.0371815 11947.6 1.0391772
11950.4 1.0234962 11949.0 1.0371969 11949.0 1.0292972
11951.8 1.015947 11950.4 1.0369222 11950.4 1.0358009
11953.2 1.0091494 11951.8 1.0358086 11951.8 1.0320027
11954.6 1.0027638 11953.2 1.0352685 11953.2 1.024275
11956.1 0.99850407 11954.6 1.0346926 11954.6 1.0212662
11957.5 0.99545672 11956.1 1.0341368 11956.1 1.0184826
11959.0 0.99264583 11957.5 1.0356779 11957.5 1.0127099
11960.5 0.99112464 11959.0 1.0375621 11959.0 1.0128134
11962.0 0.98937693 11960.5 1.0346164 11960.5 1.0070964
11963.5 0.98906937 11962.0 1.0345015 11962.0 1.0049917
11965.0 0.98811289 11963.5 1.0341425 11963.5 1.0035386
11966.5 0.9884207 11965.0 1.0332544 11965.0 0.99844441
11968.1 0.9868593 11966.5 1.0302275 11966.5 0.99535192
11969.6 0.98536919 11968.1 1.0264578 11968.1 0.99261466
11971.2 0.98341215 11969.6 1.0229082 11969.6 0.9903024
11972.8 0.98002014 11971.2 1.0189649 11971.2 0.98484997
11974.3 0.97502767 11972.8 1.0148005 11972.8 0.98705204
11976.0 0.97130992 11974.4 1.0113624 11974.4 0.98202054
11977.6 0.96660753 11976.0 1.0060712 11976.0 0.98350923
11979.2 0.96304274 11977.6 1.0003025 11977.6 0.98310494
11980.8 0.96083897 11979.2 0.99574206 11979.2 0.98246739
11982.5 0.95837476 11980.8 0.99290796 11980.8 0.98209107
11984.2 0.95726858 11982.5 0.98923201 11982.5 0.9806999
11985.8 0.95481774 11984.2 0.98626178 11984.2 0.97868524
11987.5 0.95524023 11985.8 0.98324624 11985.8 0.97694139
11989.2 0.95495045 11987.5 0.98087108 11987.5 0.97730641
11990.9 0.95438873 11989.2 0.97906512 11989.2 0.98071917
11992.7 0.95462879 11990.9 0.97621626 11990.9 0.9730935
11994.4 0.95549981 11992.7 0.9759808 11992.7 0.97688171
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11996.1 0.95586296 11994.4 0.97524196 11994.4 0.97702044
11997.9 0.95697616 11996.1 0.97502072 11996.1 0.97404728
11999.7 0.95833692 11997.9 0.9728434 11997.9 0.97381277
12001.5 0.96024984 11999.7 0.97313354 11999.7 0.97258026
12003.3 0.96282206 12001.5 0.97429433 12001.5 0.97609083
12005.1 0.96548528 12003.3 0.97442536 12003.3 0.9747676
12006.9 0.96807745 12005.1 0.9727251 12005.1 0.97277543
12008.7 0.97197578 12006.9 0.97428952
12010.6 0.97510797 12008.7 0.97522972
12012.4 0.97779429 12010.6 0.97744874
12014.3 0.98111914 12012.4 0.97777314
12016.2 0.98408751 12014.3 0.97822439
12018.1 0.98609054 12016.2 0.98074976
12020.0 0.98836164 12018.1 0.98248651
12021.9 0.99186068 12020.0 0.98365526
12023.9 0.99444269 12021.9 0.98431213
12025.8 0.99833396 12023.9 0.98633654
12027.8 1.0013801 12025.8 0.98898935
12029.7 1.00539 12027.8 0.99167699
12031.7 1.0101285 12029.7 0.99226131
12033.7 1.0136972 12031.7 0.9943623
12035.7 1.016787 12033.7 0.99628484
12037.7 1.0172125 12035.7 0.99659317
12039.8 1.0173275 12037.7 0.99886276
12041.8 1.0161114 12039.8 1.0005861
12043.8 1.0132953 12041.8 1.001413
12045.9 1.0111732 12043.8 1.0017441
12048.0 1.007254 12045.9 1.0021953
12050.1 1.0041766 12048.0 1.0063408
12052.2 1.0010649 12050.1 1.0087418
12054.3 0.9983827 12052.2 1.0028546
12056.4 0.99536118 12054.3 1.0024694
12058.6 0.99361187 12056.4 1.003215
12060.7 0.99250477 12058.6 1.0058521
12062.9 0.99026879 12060.7 1.0057263
12065.1 0.990625 12062.9 1.0085258
12067.2 0.99068828 12065.1 1.0085847
12069.5 0.9914574 12067.2 1.007871
12071.7 0.99146848 12069.4 1.0075896
12073.9 0.99245598 12071.7 1.006756
12076.1 0.9931425 12073.9 1.0076816
12078.4 0.99362799 12076.1 1.0077798
12080.6 0.9947272 12078.4 1.0068466
12082.9 0.99502838 12080.6 1.0058906
12085.2 0.99605854 12082.9 1.0036853
12087.5 0.99678559 12085.2 1.0033246
12089.8 0.99744181 12087.5 1.0015699
12092.1 0.99773744 12089.8 1.0009601
12094.5 0.99702802 12092.1 1.0009771
12096.8 0.99701832 12094.5 0.99911823
12099.2 0.9966261 12096.8 1.0006127
12101.5 0.99632469 12099.2 1.0023673
12103.9 0.99506475 12101.5 0.99977749
12106.3 0.99363697 12103.9 1.0013383
12108.7 0.99251127 12106.3 0.99945944
12111.2 0.99199147 12108.7 0.99853328
12113.6 0.99139934 12111.1 0.99751506
12116.0 0.99019409 12113.6 0.99737738
12118.5 0.99029996 12116.0 0.99624361
12121.0 0.99121321 12118.5 0.9975418
12123.4 0.99108509 12120.9 0.99617774
12125.9 0.99242854 12123.4 0.99489883
12128.4 0.99405029 12125.9 0.99393108
12130.9 0.99500275 12128.4 0.99294807
12133.5 0.99644732 12130.9 0.9922195
12136.0 0.99841714 12133.5 0.99310236
12138.6 0.99978486 12136.0 0.99343351
12141.1 1.0018146 12138.6 0.9931365
12143.7 1.0034913 12141.1 0.99437748
12146.3 1.0045462 12143.7 0.9935532
12148.9 1.0064241 12146.3 0.99334721
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12151.5 1.0073286 12148.9 0.99525636
12154.2 1.0082854 12151.5 0.9946198
12156.8 1.0083958 12154.2 0.99321378
12159.4 1.0086352 12156.8 0.99288308
12162.1 1.0092635 12159.4 0.99354589
12164.8 1.0089113 12162.1 0.99358483
12167.5 1.0083945 12164.8 0.99645033
12170.2 1.0081136 12167.5 0.99972715
12172.9 1.0070148 12170.2 1.0015063
12175.6 1.0068705 12172.9 1.0019794
12178.3 1.0057252 12175.6 1.0031332
12181.1 1.0043487 12178.3 1.0035389
12183.9 1.0040253 12181.1 1.0040561
12186.6 1.0040991 12183.9 1.0038421
12189.4 1.0030964 12186.6 1.0033564
12192.2 1.0026186 12189.4 1.0032605
12195.0 1.0017575 12192.2 0.99783651
12197.8 1.0012028 12195.0 1.0020315
12200.7 1.0007849 12197.8 0.9994358
12203.5 1.000236 12200.7 1.0017066
12206.4 1.0002988 12203.5 1.0014227
12209.3 1.0006054 12206.4 1.0011227
12212.1 1.0003174 12209.3 1.0026722
12215.0 1.0003574 12212.1 1.0030835
12217.9 1.0010227 12215.0 1.0031411
12220.9 1.0017139 12217.9 1.0029313
12223.8 1.001352 12220.9 1.0006082
12226.8 1.0019568 12223.8 0.99942358
12229.7 1.0020298 12226.7 1.0002312
12232.7 1.0021704 12229.7 1.0001792
12235.6 1.0020942 12232.7 1.0017718
12238.6 1.0015619 12235.7 1.0091493
12241.7 1.0014778 12238.6 1.0015919
12244.7 1.0003344 12241.6 1.0029364
12247.7 1.0006882 12244.7 1.0012145
12250.7 1.000114 12247.7 1.0011781
12253.8 0.9996817 12250.7 1.0022682
12256.9 0.99940231 12253.8 1.0012752
12259.9 0.99835989 12256.9 1.0025591
12263.0 0.99768062 12259.9 1.0024393
12266.1 0.99674947 12263.0 1.0011501
12269.2 0.99680318 12266.1 1.00056
12272.4 0.99671537 12269.2 0.99921714
12275.5 0.99722615 12272.4 1.0011144
12278.7 0.99730822 12275.5 1.0039231
12281.8 0.99770129 12278.7 1.0038019
12285.0 0.99789952 12281.8 1.0031653
12288.2 0.99818849 12285.0 1.0000483
12291.4 0.99815085 12288.2 0.99797613
12294.6 0.99913046 12291.4 0.99603446
12297.8 0.99895317 12294.6 0.99652711
12301.1 0.99910237 12297.8 0.99534727
12304.3 0.99949864 12301.1 0.99650877
12307.6 0.99965512 12304.3 0.9968133
12310.9 0.99925119 12307.6 0.99584616
12314.1 0.99916746 12310.9 0.9965496
12317.4 0.99858458 12314.1 1.0036945
12320.7 0.99897733 12317.4 0.99703619
12324.1 0.99904328 12320.7 0.99804662
12327.4 0.99923448 12324.1 1.0033811
12330.7 0.99843197 12327.4 0.99951581
12334.1 0.99793613 12330.7 0.99752202
12337.5 0.99749967 12334.1 0.99742815
12340.9 0.99669516 12337.5 0.99890795
12344.3 0.99636938 12340.9 1.0014041
12347.7 0.99627568 12344.3 1.0027868
12351.1 0.99602367 12347.7 1.0042062
12354.5 0.99503028 12351.1 1.0050342
12358.0 0.99475977 12354.5 1.0031707
12361.4 0.9943297 12358.0 1.0050094
12364.9 0.99450858 12361.4 1.0051705
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12368.4 0.994276 12364.9 1.0035835
12371.9 0.99389465 12368.4 1.0023993
12375.4 0.99412993 12371.9 1.0057005
12378.9 0.99435375 12375.4 1.0052443
12382.4 0.99494193 12378.9 1.0051831
12386.0 0.99389798 12382.4 1.0051876
12389.5 0.99341276 12386.0 1.0077732
12393.1 0.99350988 12389.5 1.005875
12396.7 0.99399844 12393.1 1.0051868
12400.2 0.99278023 12396.7 1.0025042
12403.8 0.992182 12400.2 1.0054436
12407.5 0.99191341 12403.8 1.0044077
12411.1 0.99138222 12407.5 1.0034211
12414.7 0.99136249 12411.1 1.0036436
12414.7 1.0036915
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
11719.3 0.00614431 11719.3 2.15E-03 11719.3 -0.21693585 11719.3 6.16E-02 11719.3 2.19E-02
11724.9 0.00391427 11724.9 1.89E-03 11724.9 5.93E-02 11724.9 0.12841939 11724.9 1.65E-02
11730.4 0.00139741 11730.4 1.35E-03 11730.5 -0.10442732 11730.4 2.87E-02 11730.4 1.04E-02
11736.1 0.00470858 11736.1 1.08E-03 11736.1 -0.23032534 11736.1 5.88E-02 11736.1 6.40E-03
11741.7 0.00479165 11741.7 5.72E-04 11741.7 -3.64E-03 11741.7 8.90E-04 11741.7 1.07E-04
11747.3 -0.00715465 11747.3 1.40E-04 11747.4 0.10438729 11747.3 3.47E-02 11747.3 3.53E-03
11752.9 0.00086373 11752.9 -2.60E-04 11753.0 -2.64E-02 11752.9 1.13E-02 11752.9 3.26E-05
11758.5 -0.00311127 11758.5 -6.83E-04 11758.7 3.69E-02 11758.5 2.96E-03 11758.5 -5.85E-03
11764.2 -0.00384221 11764.2 -1.05E-03 11764.3 -0.18171954 11764.2 -3.70E-02 11764.2 -4.81E-03
11769.8 -0.00341082 11769.8 -1.26E-03 11770.0 -3.53E-02 11769.8 -0.11471883 11769.8 -1.04E-02
11775.4 -0.00191241 11775.4 -1.52E-03 11775.6 -4.96E-02 11775.4 1.51E-03 11775.4 -6.88E-03
11781.1 -0.00344004 11781.1 -1.77E-03 11781.3 0.14451702 11781.1 -0.11900202 11781.1 -8.33E-03
11786.7 -0.00374418 11786.7 -1.92E-03 11787.0 0.16318547 11786.7 -2.78E-02 11786.7 -1.00E-02
11792.4 -0.00642711 11792.4 -1.90E-03 11792.7 0.15913003 11792.4 -7.16E-02 11792.4 -7.02E-03
11798.0 -0.00221771 11798.0 -1.90E-03 11798.4 0.21727955 11798.0 -7.21E-02 11798.0 -2.52E-03
11803.7 -0.00135353 11803.7 -1.78E-03 11804.0 0.34954611 11803.7 -5.00E-02 11803.7 -8.72E-03
11809.4 0.00040681 11809.4 -1.45E-03 11809.7 0.22306477 11809.4 -2.14E-02 11809.4 -4.31E-03
11815.1 -0.00159892 11815.1 -8.71E-04 11815.4 -0.16680726 11815.1 -6.63E-02 11815.1 -3.42E-03
11820.8 -0.00085519 11820.8 -1.20E-04 11821.1 -0.27699465 11820.8 1.13E-02 11820.8 -4.46E-05
11826.5 0.00026785 11826.5 1.04E-03 11826.9 -8.17E-02 11826.5 6.09E-02 11826.5 -2.42E-03
11832.1 0.00782922 11832.1 2.73E-03 11832.6 0.15467464 11832.1 5.00E-02 11832.1 7.94E-03
11837.8 0.00874422 11837.8 5.53E-03 11838.3 -0.16400633 11837.8 8.38E-02 11837.8 7.88E-03
11843.6 0.01342866 11843.6 9.85E-03 11844.0 -0.1861054 11843.6 0.10669348 11843.6 2.19E-02
11851.0 0.02534594 11851.0 2.10E-02 11851.0 -4.57E-02 11851.0 0.14153254 11851.0 3.56E-02
11851.5 0.02388597 11851.5 2.22E-02 11851.5 -0.19639481 11852.0 0.1463123 11851.5 3.75E-02
11852.0 0.02316738 11852.0 2.33E-02 11852.0 -0.12576501 11852.9 0.1520085 11852.0 3.76E-02
11852.4 0.02725739 11852.4 2.46E-02 11852.4 -0.14069249 11853.9 0.14168788 11852.4 3.48E-02
11852.9 0.0298525 11852.9 2.58E-02 11852.9 -0.12731597 11854.9 0.14630637 11852.9 3.79E-02
11853.4 0.02842966 11853.4 2.75E-02 11853.4 -0.16365519 11855.9 0.15459308 11853.4 3.91E-02
11853.9 0.0294107 11853.9 2.90E-02 11853.9 -7.46E-02 11856.8 0.2459083 11853.9 4.12E-02
11854.4 0.03249833 11854.4 3.09E-02 11854.4 -0.1388877 11857.8 0.20970891 11854.4 4.40E-02
11854.9 0.03177814 11854.9 3.27E-02 11854.9 3.59E-02 11858.8 0.14775007 11854.9 4.23E-02
11855.4 0.03637445 11855.4 3.47E-02 11855.4 0.14351199 11859.8 0.16462289 11855.4 4.61E-02
11855.9 0.03609452 11855.9 3.69E-02 11855.9 9.29E-02 11860.8 0.1556757 11855.9 4.45E-02
11856.4 0.04000973 11856.4 3.94E-02 11856.4 0.28955329 11861.7 0.23490512 11856.4 4.93E-02
11856.8 0.04108288 11856.8 4.19E-02 11856.8 0.20288652 11862.7 0.28474069 11856.8 5.53E-02
11857.3 0.04479519 11857.3 4.48E-02 11857.3 0.2246841 11863.7 0.26649407 11857.3 5.44E-02
11857.8 0.0460859 11857.8 4.78E-02 11857.8 0.15332534 11864.7 0.34428274 11857.8 5.63E-02
11858.3 0.04954557 11858.3 5.12E-02 11858.3 9.88E-02 11865.7 0.36014124 11858.3 6.12E-02
11858.8 0.05214128 11858.8 5.49E-02 11858.8 4.70E-02 11866.6 0.46431114 11858.8 6.18E-02
11859.3 0.05590893 11859.3 5.91E-02 11859.3 0.24126583 11867.6 0.60542336 11859.3 6.80E-02
11859.8 0.05918659 11859.8 6.40E-02 11859.8 0.13667203 11868.6 0.9517516 11859.8 6.85E-02
11860.3 0.0652139 11860.3 6.94E-02 11860.3 0.16971217 11869.6 1.3529467 11860.3 7.20E-02
11860.8 0.07056404 11860.8 7.58E-02 11860.8 0.22326948 11870.6 1.65704 11860.8 8.30E-02
11861.2 0.07723598 11861.2 8.33E-02 11861.2 8.58E-02 11871.5 1.9083857 11861.2 8.65E-02
11861.7 0.08197504 11861.7 9.15E-02 11861.7 5.64E-02 11872.5 2.0569187 11861.7 9.08E-02
11862.2 0.09095003 11862.2 0.10173877 11862.2 0.37519353 11873.5 2.474082 11862.2 0.10184741
11862.7 0.10048243 11862.7 0.11320944 11862.7 0.19001346 11874.5 2.9099826 11862.7 0.10893602
11863.2 0.11474363 11863.2 0.12741358 11863.2 0.26717753 11875.5 2.9275188 11863.2 0.11937644
11863.7 0.12784826 11863.7 0.14432743 11863.7 0.31679724 11876.4 2.5212238 11863.7 0.13115153
11864.2 0.14999692 11864.2 0.16499145 11864.2 3.99E-02 11877.4 2.0908367 11864.2 0.1416355
RCS123 RCS125 Sellotape STA336 STA486
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11864.7 0.17107735 11864.7 0.19026603 11864.7 0.25693107 11878.4 1.7973616 11864.7 0.16187041
11865.2 0.2009971 11865.2 0.22176545 11865.2 0.23497219 11879.4 1.6499429 11865.2 0.18171977
11865.7 0.23348999 11865.7 0.26223836 11865.7 -2.13E-02 11880.4 1.5525099 11865.7 0.20798981
11866.1 0.28112355 11866.1 0.31562299 11866.1 0.20306843 11881.3 1.4623436 11866.1 0.24748258
11866.6 0.34388808 11866.6 0.38601092 11866.6 0.20382937 11882.3 1.4655948 11866.6 0.29650867
11867.1 0.43487514 11867.1 0.48353514 11867.1 0.30363612 11883.3 1.4603408 11867.1 0.3605167
11867.6 0.56193993 11867.6 0.62045791 11867.6 0.24542312 11884.3 1.407922 11867.6 0.45800159
11868.1 0.75473764 11868.1 0.8129776 11868.1 4.05E-02 11885.3 1.3397435 11868.1 0.59911324
11868.6 0.99365405 11868.6 1.0570609 11868.6 0.41612582 11886.3 1.3722238 11868.6 0.7881611
11869.1 1.2702575 11869.1 1.3248262 11869.1 0.35682254 11887.2 1.3257394 11869.1 1.0286459
11869.6 1.5345376 11869.6 1.5770844 11869.6 0.48506075 11888.2 1.2989024 11869.6 1.3011794
11870.1 1.7412847 11870.1 1.7573552 11870.1 0.25759639 11889.2 1.2965479 11870.1 1.5393827
11870.6 1.8373127 11870.6 1.8459115 11870.6 0.36133677 11890.2 1.2750034 11870.6 1.7136567
11871.0 1.8515505 11871.0 1.8516542 11871.0 0.21091395 11891.2 1.2934774 11871.0 1.7996699
11871.5 1.7940049 11871.5 1.7939088 11871.5 0.27174933 11892.2 1.2411956 11871.5 1.8129618
11872.0 1.7451694 11872.0 1.7155089 11872.0 0.32297056 11893.1 1.1880168 11872.0 1.8002953
11872.5 1.7651674 11872.5 1.634766 11872.5 0.2961894 11894.1 1.254756 11872.5 1.8189243
11873.0 1.8780553 11873.0 1.5944736 11873.0 0.1886898 11895.1 1.1992115 11873.0 1.9177452
11873.5 2.0678721 11873.5 1.6105117 11873.5 0.48957819 11896.1 1.1866889 11873.5 2.1194184
11874.0 2.265435 11874.0 1.6805264 11874.0 0.25828081 11897.1 1.1850404 11874.0 2.4363706
11874.5 2.3599775 11874.5 1.7775213 11874.5 0.27060721 11898.1 1.2118828 11874.5 2.7825638
11875.0 2.3140724 11875.0 1.8564169 11875.0 0.25646417 11899.0 1.127181 11875.0 3.058335
11875.5 2.1685345 11875.5 1.8919798 11875.4 0.25299104 11900.0 1.08223 11875.5 3.1619884
11875.9 1.9760655 11875.9 1.8755083 11875.9 0.43194288 11901.0 1.1169198 11875.9 3.0764205
11876.4 1.8105195 11876.4 1.820206 11876.4 4.28E-02 11902.0 1.059503 11876.4 2.8732854
11876.9 1.6675225 11876.9 1.7427466 11876.9 7.29E-02 11903.0 1.0096133 11876.9 2.5958714
11877.4 1.5622437 11877.4 1.6531609 11877.4 0.35873006 11904.0 1.0484871 11877.4 2.3305778
11877.9 1.4780093 11877.9 1.5647964 11877.9 0.31993902 11904.9 0.97822563 11877.9 2.0793751
11878.4 1.4189987 11878.4 1.4836703 11878.4 0.35976967 11905.9 0.99159517 11878.4 1.8783172
11878.9 1.3743938 11878.9 1.4118701 11878.9 0.12917217 11906.8 0.93361111 11878.9 1.719562
11879.4 1.3400161 11879.4 1.353205 11879.4 0.21283624 11907.8 0.99430431 11879.4 1.591658
11879.9 1.3116406 11879.9 1.3072716 11879.9 0.14613262 11908.8 0.95546323 11879.9 1.5057016
11880.4 1.2935759 11880.4 1.2685773 11880.4 0.23872021 11909.7 0.89829265 11880.4 1.4362779
11880.9 1.2730507 11880.9 1.2372736 11880.9 0.28864644 11910.7 0.93844569 11880.9 1.3853388
11881.3 1.2574129 11881.3 1.2124514 11881.3 0.24500679 11911.7 0.9970648 11881.3 1.3429896
11881.8 1.2372213 11881.8 1.191866 11881.8 0.29436448 11912.8 0.92933565 11881.8 1.311596
11882.3 1.2236092 11882.3 1.1751673 11882.3 0.37817978 11913.8 0.9537742 11882.3 1.2804027
11882.8 1.2073116 11882.8 1.1615012 11882.8 0.34699368 11914.8 0.95406237 11882.8 1.256702
11883.3 1.199034 11883.3 1.1493541 11883.3 0.47613141 11915.9 0.96095603 11883.3 1.2330236
11883.8 1.1837667 11883.8 1.138279 11883.8 0.44389204 11916.9 0.98563382 11883.8 1.2151506
11884.3 1.1798134 11884.3 1.1284177 11884.3 0.31254995 11918.0 0.99700312 11884.3 1.1940696
11884.8 1.1690859 11884.8 1.1195645 11884.8 0.36752466 11919.1 0.97576244 11884.8 1.1837548
11885.3 1.1708353 11885.3 1.1152702 11885.3 0.32805891 11920.2 0.96492456 11885.3 1.1682371
11885.8 1.1694194 11885.8 1.1078325 11885.8 0.46927429 11921.3 0.94836168 11885.8 1.1536419
11886.3 1.1618404 11886.3 1.0999059 11886.3 0.24650009 11922.5 1.0366143 11886.3 1.146851
11886.7 1.1566622 11886.7 1.0921531 11886.7 0.39632541 11923.6 1.0284367 11886.7 1.1460083
11887.2 1.150685 11887.2 1.0837455 11887.2 0.31589424 11924.8 0.99712828 11887.2 1.1311572
11887.7 1.1446064 11887.7 1.0775054 11887.7 9.16E-02 11925.9 1.0608287 11887.7 1.1207163
11888.2 1.1365629 11888.2 1.0723732 11888.2 0.4059493 11927.1 1.0171954 11888.2 1.1200087
11888.7 1.1308604 11888.7 1.068285 11888.7 0.40446709 11928.3 1.0118069 11888.7 1.1172484
11889.2 1.1263004 11889.2 1.0646223 11889.2 0.29193613 11929.5 1.0410239 11889.2 1.1086944
11889.7 1.121799 11889.7 1.0633041 11889.7 0.38405173 11930.7 1.0365087 11889.7 1.1199617
11890.2 1.1153596 11890.2 1.0617483 11890.2 0.35458428 11931.9 1.1101634 11890.2 1.1135859
11890.7 1.1115803 11890.7 1.0573909 11890.7 0.29527829 11933.2 1.0389015 11890.7 1.1106921
11891.2 1.1078199 11891.2 1.0543179 11891.2 0.32162833 11934.4 1.0463285 11891.2 1.1137406
11891.7 1.1061761 11891.7 1.0477883 11891.7 0.48186657 11935.7 1.0593256 11891.7 1.1073977
11892.2 1.0977829 11892.2 1.0431305 11892.1 0.52575425 11936.9 1.0594328 11892.2 1.1069413
11892.6 1.0942463 11892.6 1.0392298 11892.6 0.55727817 11938.2 1.0302066 11892.6 1.0987675
11893.1 1.0867449 11893.1 1.0359701 11893.1 0.4789272 11939.5 1.0316547 11893.1 1.0961895
11893.6 1.0810695 11893.6 1.0312745 11893.6 0.4514619 11940.8 1.0386392 11893.6 1.0975331
11894.1 1.0806581 11894.1 1.0269078 11894.1 0.56157693 11942.2 1.0801081 11894.1 1.0886338
11894.6 1.0645157 11894.6 1.0222879 11894.6 0.43330747 11943.5 1.0590584 11894.6 1.0862764
11895.1 1.0613199 11895.1 1.0176015 11895.1 0.33379099 11944.8 0.99749659 11895.1 1.0750634
11895.6 1.0568768 11895.6 1.0121097 11895.6 0.30875143 11946.2 0.97634979 11895.6 1.0672022
11896.1 1.0443804 11896.1 1.0067546 11896.1 0.26190422 11947.6 1.0501196 11896.1 1.0600088
11896.6 1.0422919 11896.6 1.0010688 11896.6 0.17202363 11949.0 1.0339603 11896.6 1.0525909
11897.1 1.0314132 11897.1 0.9952089 11897.1 0.34663648 11950.4 1.0150782 11897.1 1.0375518
11897.6 1.0230831 11897.6 0.98874265 11897.6 0.58332114 11951.8 1.0049415 11897.6 1.0297794
11898.1 1.0145361 11898.1 0.98309436 11898.1 0.51620768 11953.2 1.0125856 11898.1 1.0233704
11898.6 0.99967259 11898.6 0.97717485 11898.6 0.51240812 11954.6 1.0188798 11898.6 1.0121175
11899.0 0.99312062 11899.0 0.97141169 11899.0 0.33664492 11956.1 1.0568666 11899.0 1.003681
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11899.5 0.98229739 11899.5 0.96608099 11899.5 0.47293477 11957.5 1.0389117 11899.5 0.99281464
11900.0 0.97415837 11900.0 0.96051806 11900.0 0.40578799 11959.0 1.0080388 11900.0 0.98059507
11900.5 0.9657664 11900.5 0.95523103 11900.5 0.40951777 11960.5 1.019929 11900.5 0.97245668
11901.0 0.95555764 11901.0 0.95080738 11901.0 0.5099691 11962.0 1.0235693 11901.0 0.96737712
11901.5 0.94631123 11901.5 0.94650247 11901.5 0.61838025 11963.5 1.0125269 11901.5 0.96261477
11902.0 0.9365638 11902.0 0.94223536 11902.0 0.36272663 11965.0 0.99068968 11902.0 0.95086262
11902.5 0.92659881 11902.5 0.93866766 11902.5 0.56849465 11966.5 1.0277245 11902.5 0.94545148
11903.0 0.91945507 11903.0 0.9347198 11903.0 0.39918201 11968.1 1.0058563 11903.0 0.93302163
11903.5 0.90961475 11903.5 0.93129903 11904.0 0.48332869 11969.6 1.0031349 11903.5 0.92836936
11904.0 0.9056935 11904.0 0.93039475 11904.9 0.37633939 11971.2 1.0034603 11904.0 0.92911931
11904.9 0.89494467 11904.9 0.92375029 11905.9 0.50615175 11972.8 0.99800313 11904.9 0.91157053
11905.9 0.88504252 11905.9 0.92136047 11906.8 0.42976603 11974.4 0.94453429 11905.9 0.90399052
11906.8 0.88232305 11906.8 0.91968889 11907.8 0.56802029 11976.0 0.95317838 11906.8 0.89859696
11907.8 0.87617437 11907.8 0.91985059 11908.8 0.63127049 11977.6 0.94088435 11907.8 0.89619009
11908.8 0.88075745 11908.8 0.92118812 11909.7 0.64918613 11979.2 0.9549623 11908.8 0.89046374
11909.7 0.87958239 11909.7 0.92350387 11910.7 0.72452123 11980.8 0.99179665 11909.7 0.89348865
11910.7 0.88527187 11910.7 0.9278268 11911.7 0.60456956 11982.5 0.97434546 11910.7 0.89374196
11911.7 0.88959893 11911.7 0.93339818 11912.8 0.65961609 11984.2 0.96994832 11911.7 0.89403837
11912.8 0.89493193 11912.8 0.9398587 11913.8 0.60273746 11985.8 0.93187866 11912.8 0.90318651
11913.8 0.90789653 11913.8 0.94705759 11914.8 0.59779014 11987.5 0.95249376 11913.8 0.90735102
11914.8 0.91264766 11914.8 0.95519307 11915.9 0.53067369 11989.2 0.96876656 11914.8 0.92032965
11915.9 0.92062109 11915.9 0.96385454 11916.9 0.60465071 11990.9 0.98192984 11915.9 0.93615823
11916.9 0.92638337 11916.9 0.9729727 11918.0 0.61784757 11992.7 0.97337616 11916.9 0.94207149
11918.0 0.93839357 11918.0 0.98205051 11919.1 0.52983478 11994.4 1.0024558 11918.0 0.95598948
11919.1 0.94724988 11919.1 0.99091564 11920.2 0.57787267 11996.1 0.97951019 11919.1 0.97345426
11920.2 0.9589864 11920.2 0.99909123 11921.3 0.71008797 11997.9 0.99899788 11920.2 0.98919355
11921.3 0.9668686 11921.3 1.0077468 11922.5 0.45363161 11999.7 1.0024816 11921.3 1.0001002
11922.5 0.97325723 11922.5 1.0169421 11923.6 0.56183274 12001.5 1.0250891 11922.5 1.0151743
11923.6 0.98000671 11923.6 1.025956 11924.8 0.67748235 12003.3 1.0042214 11923.6 1.03432
11924.8 0.98941063 11924.8 1.0349137 11925.9 0.56308547 12005.1 1.0108489 11924.8 1.0481187
11925.9 0.99533764 11925.9 1.0431812 11927.1 0.59057051 11925.9 1.0558725
11927.1 1.0048932 11927.1 1.049886 11928.3 0.47005688 11927.1 1.0688181
11928.3 1.0117292 11928.3 1.0560896 11929.5 0.49289882 11928.3 1.0801184
11929.5 1.0177715 11929.5 1.06042 11930.7 0.45415722 11929.5 1.0873973
11930.7 1.0220587 11930.7 1.0645745 11931.9 0.45599522 11930.7 1.0961936
11931.9 1.0298239 11931.9 1.0692067 11933.2 0.65062695 11931.9 1.0951948
11933.2 1.0353856 11933.2 1.0665449 11934.4 0.74208204 11933.2 1.0976358
11934.4 1.0359962 11934.4 1.0658125 11935.7 0.53332776 11934.4 1.100633
11935.7 1.043158 11935.7 1.0677615 11936.9 0.51087717 11935.7 1.1027991
11936.9 1.0447218 11936.9 1.0704111 11938.2 0.57950152 11936.9 1.100612
11938.2 1.0496582 11938.2 1.0651849 11939.5 0.81090553 11938.2 1.0961651
11939.5 1.0497941 11939.5 1.0617052 11940.8 0.62981612 11939.5 1.0895999
11940.8 1.0484398 11940.8 1.0584501 11942.2 0.63993705 11940.8 1.0902874
11942.2 1.0500429 11942.2 1.0552404 11943.5 0.79929006 11942.2 1.0846205
11943.5 1.0492823 11943.5 1.0516256 11944.8 0.6737365 11943.5 1.0744902
11944.8 1.0494852 11944.8 1.0479018 11946.2 0.7154088 11944.8 1.0740283
11946.2 1.0523006 11946.2 1.0445998 11947.6 0.67218678 11946.2 1.0714005
11947.6 1.0492872 11947.6 1.0407759 11949.0 0.98315222 11947.6 1.0616466
11949.0 1.0479525 11949.0 1.0374714 11950.4 0.76034266 11949.0 1.0597504
11950.4 1.0446163 11950.4 1.0340893 11951.8 0.83087295 11950.4 1.0527093
11951.8 1.0425982 11951.8 1.0306684 11953.2 0.80214789 11951.8 1.0485693
11953.2 1.0471357 11953.2 1.0265598 11954.6 0.7736582 11953.2 1.0451439
11954.6 1.0414027 11954.6 1.0229531 11956.1 0.82231276 11954.6 1.0372063
11956.1 1.0396235 11956.1 1.0195725 11957.5 1.0021026 11956.1 1.0333309
11957.5 1.0381306 11957.5 1.0167815 11959.0 0.89596536 11957.5 1.0289109
11959.0 1.0370082 11959.0 1.0134839 11960.5 0.77099517 11959.0 1.0263593
11960.5 1.0379011 11960.5 1.0099022 11962.0 0.95367288 11960.5 1.0227278
11962.0 1.0297014 11962.0 1.0063036 11963.5 0.97959308 11962.0 1.0206188
11963.5 1.0304373 11963.5 1.0027858 11965.0 0.93904143 11963.5 1.0078049
11965.0 1.0274137 11965.0 0.99910857 11966.5 0.91882138 11965.0 1.0084684
11966.5 1.0252889 11966.5 0.99591548 11968.1 0.68396195 11966.5 0.99962666
11968.1 1.0216565 11968.1 0.99242858 11969.6 1.071639 11968.1 0.99761227
11969.6 1.0154908 11969.6 0.98945953 11971.2 1.0214801 11969.6 0.99200394
11971.2 1.012121 11971.2 0.98703183 11972.8 0.96556002 11971.2 0.98787097
11972.8 1.0088601 11972.8 0.98461544 11974.4 0.84493697 11972.8 0.98187726
11974.4 1.0044785 11974.4 0.98221179 11976.0 0.77958468 11974.4 0.97661145
11976.0 1.0010702 11976.0 0.98043692 11977.6 0.94450052 11976.0 0.97703965
11977.6 0.99918069 11977.6 0.97910264 11979.2 0.94460422 11977.6 0.97298653
11979.2 0.99564058 11979.2 0.97814069 11980.8 0.79283841 11979.2 0.96985508
11980.8 0.99257326 11980.8 0.97704247 11982.5 0.9029161 11980.8 0.96698543
11982.5 0.99039917 11982.5 0.97643534 11984.1 0.8059276 11982.5 0.96501784
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11984.2 0.98492959 11984.2 0.97566981 11985.8 1.0316222 11984.2 0.96270374
11985.8 0.98230255 11985.8 0.97543652 11987.5 0.81347129 11985.8 0.96236705
11987.5 0.98178713 11987.5 0.97519443 11989.2 1.0692356 11987.5 0.96116833
11989.2 0.98415841 11989.2 0.97538822 11990.9 0.98399713 11989.2 0.96023326
11990.9 0.98367444 11990.9 0.97529222 11992.7 0.9879421 11990.9 0.96055052
11992.7 0.98302418 11992.7 0.97543292 11994.4 0.97330229 11992.7 0.96016557
11994.4 0.98109545 11994.4 0.97574253 11996.1 0.96531812 11994.4 0.9593085
11996.1 0.9798141 11996.1 0.97644741 11997.9 0.77439249 11996.1 0.95868058
11997.9 0.98233645 11997.9 0.97687358 11999.7 0.90393682 11997.9 0.95959833
11999.7 0.98411381 11999.7 0.97697829 12001.5 0.95740651 11999.7 0.95744794
12001.5 0.98398644 12001.5 0.9773068 12003.3 1.122034 12001.5 0.96247352
12003.3 0.98040851 12003.3 0.97757149 12005.1 0.96798097 12003.3 0.95921913
12005.1 0.98396908 12005.1 0.97767344 12006.9 1.0349674 12005.1 0.9619549
12006.9 0.98323204 12008.7 0.79347879
12008.7 0.98589828 12010.6 0.78494948
12010.6 0.98362121 12012.4 1.0279597
12012.4 0.98650489 12014.3 1.0713405
12014.3 0.99033251 12016.2 1.1381128
12016.2 0.99104757 12018.1 0.896501
12018.1 0.99149865 12020.0 0.93978262
12020.0 0.99005866 12021.9 1.0827568
12021.9 0.99001454 12023.9 1.086314
12023.9 0.99209153 12025.8 0.99039306
12025.8 0.99833149 12027.7 0.94621453
12027.8 0.99630201 12029.7 0.98260254
12029.7 0.99670715 12031.7 0.99994322
12031.7 0.99752309 12033.7 1.0800481
12033.7 0.99855452 12035.7 0.90483626
12035.7 0.99903906 12037.7 0.92842242
12037.7 1.0037411 12039.8 0.92394537
12039.8 1.0042619 12041.8 1.0278256
12041.8 1.0050673 12043.8 1.1292876
12043.8 1.0027484 12045.9 1.1223319
12045.9 1.0037406 12048.0 1.0214233
12048.0 1.0103198 12050.1 0.82041214
12050.1 1.0111022 12052.2 1.0640706
12052.2 1.0062757 12054.3 0.94625316
12054.3 1.0046527 12056.4 1.0613466
12056.4 1.005063 12058.6 1.027403
12058.6 1.0070011 12060.7 0.95760387
12060.7 1.0046379 12062.9 0.87404493
12062.9 1.0022899 12065.1 1.0307569
12065.1 1.0051065 12067.3 0.96358407
12067.2 1.0052944 12069.5 1.056497
12069.4 1.0017164 12071.7 1.1295772
12071.7 1.0025817 12073.9 0.99685935
12073.9 1.0061775 12076.1 0.74708083
12076.1 1.0006886 12078.4 0.99279567
12078.4 0.99935778 12080.6 0.97107847
12080.6 0.99973771 12082.9 0.98191775
12082.9 0.99968238 12085.2 0.87016597
12085.2 0.99751183 12087.5 0.96933964
12087.5 0.99706127 12089.8 1.0439462
12089.8 0.99611208 12092.1 1.037697
12092.1 0.99973159 12094.5 1.0751581
12094.5 1.0000507 12096.8 0.90126577
12096.8 0.99712809 12099.2 0.95053725
12099.2 0.99654692 12101.5 0.79046792
12101.5 1.0039077 12103.9 0.92847502
12103.9 0.99688249 12106.3 1.1090645
12106.3 0.99270384 12108.7 1.0796132
12108.7 0.99689702 12111.2 1.0386983
12111.1 0.9951354 12113.6 0.91012215
12113.6 0.99596909 12116.0 0.94438956
12116.0 0.99554357 12118.5 1.1312417
12118.5 0.99712795 12121.0 1.0863814
12120.9 0.9953152 12123.4 1.2182726
12123.4 0.99312557 12125.9 1.2055749
12125.9 0.99507346 12128.4 1.0059699
12128.4 1.0001025 12131.0 1.1044735
12130.9 0.99788943 12133.5 1.0122301
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12133.5 0.99462182 12136.0 1.009369
12136.0 0.99700124 12138.6 1.0667905
12138.6 0.9965051 12141.1 0.90115351
12141.1 0.99605279 12143.7 1.0970796
12143.7 0.99586542 12146.3 1.144787
12146.3 0.99676559 12148.9 1.0475844
12148.9 0.99734774 12151.5 1.0403968
12151.5 0.99635727 12154.1 1.1028205
12154.2 0.99556227 12156.8 0.97036317
12156.8 0.9980022 12159.4 0.97284116
12159.4 0.99780104 12162.1 0.93535199
12162.1 0.99851165 12164.8 0.90481458
12164.8 1.0020871 12167.5 1.0334047
12167.5 1.0001728 12170.2 1.1645245
12170.2 1.0027139 12172.9 1.1664939
12172.9 1.0020831 12175.6 0.99466305
12175.6 1.0030576 12178.3 0.97506629
12178.3 1.0033826 12181.1 0.93669205
12181.1 1.006149 12183.9 1.0719573
12183.9 1.0062794 12186.6 0.9737977
12186.6 1.0055421 12189.4 1.0360548
12189.4 1.0033211 12192.2 0.85939838
12192.2 1.0119009 12195.0 0.92600716
12195.0 1.002079 12197.8 0.82502273
12197.8 1.0009908 12200.7 1.0298554
12200.7 1.0018068 12203.5 0.99903401
12203.5 1.0009715 12206.4 1.0223024
12206.4 1.0022236 12209.3 1.0064519
12209.3 1.0025992 12212.2 0.97910935
12212.1 0.99931819 12215.0 1.057152
12215.0 0.9989966 12217.9 0.9236511
12217.9 1.0010476 12220.9 0.97266297
12220.9 0.99799229 12223.8 0.91502807
12223.8 1.0005725 12226.8 0.85074516
12226.7 0.9996359 12229.7 0.95799346
12229.7 0.99879088 12232.7 0.99950706
12232.7 1.0001876 12235.6 0.8549982
12235.7 1.0074693 12238.7 1.0782989
12238.6 1.0024281 12241.7 0.97763995
12241.6 0.99822438 12244.7 0.95154465
12244.7 1.0010497 12247.7 0.82228243
12247.7 0.99898763 12250.7 0.87878266
12250.7 1.0005736 12253.8 0.95295315
12253.8 0.99955334 12256.9 0.99239984
12256.9 1.000324 12259.9 1.0675183
12259.9 1.0012161 12263.0 0.84775086
12263.0 0.99847812 12266.1 0.96415509
12266.1 0.99826338 12269.2 1.0889304
12269.2 0.99757956 12272.4 1.2220033
12272.4 0.99947066 12275.5 0.99357555
12275.5 0.99996161 12278.7 1.0173466
12278.7 0.99733692 12281.8 1.0391376
12281.8 1.0020361 12285.0 1.0455905
12285.0 0.99931777 12288.2 1.0416265
12288.2 1.000149 12291.4 1.0182181
12291.4 0.99865694 12294.6 1.0237546
12294.6 0.99643311 12297.8 0.91128724
12297.8 0.99767415 12301.1 0.89070411
12301.1 0.99860739 12304.3 1.0530907
12304.3 0.99979803 12307.6 1.1996723
12307.6 0.9992863 12310.9 1.1403653
12310.9 1.0003553 12314.1 0.90141306
12314.1 1.002791 12317.4 0.91753316
12317.4 0.99976498 12320.7 0.94251887
12320.7 1.0013179 12324.1 0.98376078
12324.1 1.0023147 12327.4 1.0918236
12327.4 0.99950507 12330.7 0.92339942
12330.7 1.0002362 12334.1 1.1106883
12334.1 0.99939549 12337.5 0.9791167
12337.5 0.9988469 12340.9 0.8918063
12340.9 1.0014452 12344.3 0.99458298
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12344.3 0.99928465 12347.7 0.95007417
12347.7 1.0008533 12351.1 0.8859358
12351.1 1.0005483 12354.5 1.0028703
12354.5 0.99964873 12358.0 1.0872889
12358.0 1.0026576 12361.4 1.1172083
12361.4 1.0026986 12364.9 1.1303911
12364.9 1.0011864 12368.4 1.1335473
12368.4 1.001074 12371.9 1.0088685
12371.9 1.0031194 12375.4 0.99538162
12375.4 1.0017384 12378.9 0.94714167
12378.9 1.003604 12382.4 0.68147912
12382.4 1.0077498 12386.0 1.0015867
12386.0 1.003181 12389.5 1.064714
12389.5 1.0012857 12393.1 1.077333
12393.1 1.0033604 12396.7 0.68650844
12396.7 1.010552 12400.2 0.8863667
12400.2 1.0061445 12403.8 0.96208662
12403.8 1.0059207 12407.5 0.89899587
12407.5 1.002946 12411.1 0.97142061
12411.1 1.0032653 12414.7 0.88480846
12414.7 1.0041376
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
11719.3 0.00210518 11719.3 3.76E-04 11800.0 -7.47E-03 11800.0 2.61E-02 11800.0 -1.79E-02
11724.9 0.00091281 11724.9 4.68E-04 11805.0 2.87E-02 11805.0 4.51E-02 11805.0 6.50E-02
11730.5 0.00104833 11730.5 1.68E-04 11810.0 -1.95E-02 11810.0 5.38E-03 11810.0 -4.96E-02
11736.1 0.00053715 11736.1 2.89E-05 11815.0 -1.42E-02 11815.0 -3.39E-02 11815.0 -2.06E-02
11741.7 0.00027281 11741.7 -2.97E-05 11820.0 1.91E-02 11820.0 -1.94E-02 11820.0 1.14E-02
11747.4 0.00029671 11747.4 -1.88E-04 11825.0 -6.59E-03 11825.0 -0.10257216 11825.0 3.31E-02
11753.0 -6.4576E-05 11753.0 1.20E-04 11830.0 5.10E-03 11830.0 -1.14E-02 11830.0 -3.66E-03
11758.7 -0.0002723 11758.7 -3.28E-05 11835.0 -1.95E-02 11835.0 8.07E-02 11835.0 -4.92E-02
11764.3 -0.00067336 11764.3 -1.85E-04 11840.0 1.44E-02 11840.0 -4.88E-02 11840.0 3.13E-02
11770.0 -0.00084878 11770.0 -2.52E-04 11845.0 -2.09E-03 11845.0 5.90E-02 11845.0 2.36E-02
11775.6 -0.00127514 11775.6 -5.06E-05 11850.0 -6.96E-03 11850.0 0.13855508 11850.0 6.22E-02
11781.3 -0.00125275 11781.3 -3.36E-04 11855.0 -1.11E-02 11855.0 0.1635216 11855.0 0.1170512
11787.0 -0.00162661 11787.0 -2.69E-04 11855.5 -6.88E-03 11855.5 0.16113037 11855.5 0.10331752
11792.7 -0.00167664 11792.7 -3.87E-04 11856.0 1.83E-03 11856.0 0.11573552 11856.0 8.69E-02
11798.3 -0.00173746 11798.3 -2.52E-04 11856.5 -3.58E-04 11856.5 0.1673394 11856.5 7.80E-02
11804.0 -0.00116863 11804.0 -2.91E-04 11857.0 9.44E-03 11857.0 0.14643062 11857.0 0.11015853
11809.7 -0.00106003 11809.7 -1.22E-04 11857.5 3.61E-02 11857.5 0.19056939 11857.5 0.12022254
11815.4 -0.00066795 11815.4 1.57E-05 11858.0 1.59E-02 11858.0 0.12754006 11858.0 0.1126833
11821.1 0.00021985 11821.1 -4.59E-05 11858.5 1.41E-02 11858.5 0.1312537 11858.5 0.1130311
11826.8 0.00083715 11826.8 6.10E-05 11859.0 3.11E-02 11859.0 0.15204624 11859.0 8.34E-02
11832.6 0.00220257 11832.6 2.47E-04 11859.5 4.04E-02 11859.5 0.12087064 11859.5 0.10952237
11838.3 0.00389167 11838.3 9.56E-04 11860.0 2.00E-02 11860.0 0.16648121 11860.0 0.1544468
11844.0 0.00722106 11844.0 1.96E-03 11860.5 4.04E-02 11860.5 0.1570325 11860.5 0.16615443
11851.0 0.01463627 11851.0 4.30E-03 11861.0 3.34E-02 11861.0 0.19072017 11861.0 0.1691411
11851.5 0.01533061 11851.5 4.71E-03 11861.5 4.73E-02 11861.5 0.17499574 11861.5 0.21053758
11852.0 0.01577876 11852.0 5.05E-03 11862.0 5.76E-02 11862.0 0.17634621 11862.0 0.25118721
11852.4 0.01633542 11852.4 5.49E-03 11862.5 4.26E-02 11862.5 0.22071401 11862.5 0.3099149
11852.9 0.01694738 11852.9 5.88E-03 11863.0 4.24E-02 11863.0 0.20119239 11863.0 0.36916441
11853.4 0.01668995 11853.4 6.24E-03 11863.5 5.49E-02 11863.5 0.19923272 11863.5 0.43366712
11853.9 0.01725746 11853.9 6.72E-03 11864.0 5.22E-02 11864.0 0.24025661 11864.0 0.52834757
11854.4 0.01795469 11854.4 7.27E-03 11864.5 8.56E-02 11864.5 0.27312111 11864.5 0.56399871
11854.9 0.01923379 11854.9 7.80E-03 11865.0 0.12615649 11865.0 0.23646913 11865.0 0.63514674
11855.4 0.02042527 11855.4 8.32E-03 11865.5 0.14903703 11865.5 0.3233151 11865.5 0.72598413
11855.9 0.02162602 11855.9 8.98E-03 11866.0 0.1998847 11866.0 0.36841933 11866.0 0.86637502
11856.4 0.02215261 11856.4 9.88E-03 11866.5 0.24168243 11866.5 0.44972354 11866.5 1.0442055
11856.9 0.02309499 11856.8 1.04E-02 11867.0 0.30026079 11867.0 0.51316889 11867.0 1.2310245
11857.3 0.02479201 11857.3 1.12E-02 11867.5 0.36613053 11867.5 0.60922274 11867.5 1.4706979
11857.8 0.02618341 11857.8 1.21E-02 11868.0 0.45190261 11868.0 0.75451966 11868.0 1.7361005
11858.3 0.02824733 11858.3 1.29E-02 11868.5 0.5313064 11868.5 0.8951291 11868.5 2.038072
11858.8 0.02985239 11858.8 1.39E-02 11869.0 0.64285317 11869.0 1.061822 11869.0 2.5123581
11859.3 0.03200492 11859.3 1.54E-02 11869.5 0.81350424 11869.5 1.1552803 11869.5 2.8998747
11859.8 0.03479145 11859.8 1.65E-02 11870.0 0.92076575 11870.0 1.2654856 11870.0 3.2241618
11860.3 0.03741436 11860.3 1.82E-02 11870.5 1.0287027 11870.5 1.3528199 11870.5 3.1936317
TMAB TMAO 1R4F Ash 1R4F tobacco shreds
1R4F smoke 
condenste, PTFE filter, 
no cryojet
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11860.8 0.04157952 11860.8 1.96E-02 11871.0 1.1997788 11871.0 1.4187927 11871.0 2.967879
11861.2 0.04591381 11861.2 2.19E-02 11871.5 1.4973898 11871.5 1.5369597 11871.5 2.726477
11861.7 0.05140831 11861.7 2.37E-02 11872.0 1.8332533 11872.0 1.7626919 11872.0 2.3295315
11862.2 0.05790324 11862.2 2.64E-02 11872.5 2.3492974 11872.5 2.0671137 11872.5 2.1257202
11862.7 0.06580225 11862.7 2.92E-02 11873.0 2.803581 11873.0 2.4644663 11873.0 1.9445742
11863.2 0.07478742 11863.2 3.28E-02 11873.5 3.05322 11873.5 2.6473942 11873.5 1.8436399
11863.7 0.08630604 11863.7 3.64E-02 11874.0 3.0167934 11874.0 2.6975999 11874.0 1.7370389
11864.2 0.09970157 11864.2 4.13E-02 11874.5 2.7891771 11874.5 2.4949476 11874.5 1.6713946
11864.7 0.11411894 11864.7 4.62E-02 11875.0 2.4939124 11875.0 2.2819169 11875.0 1.6570422
11865.2 0.13639763 11865.2 5.35E-02 11875.5 2.1090683 11875.5 1.9892129 11875.5 1.5736311
11865.6 0.17001067 11865.7 6.22E-02 11876.0 1.9022185 11876.0 1.7846601 11876.0 1.5630869
11866.1 0.21895759 11866.1 7.41E-02 11876.5 1.7054271 11876.5 1.5677278 11876.5 1.5637504
11866.6 0.2952376 11866.6 8.93E-02 11877.0 1.6100596 11877.0 1.4734446 11877.0 1.551445
11867.1 0.40298968 11867.1 0.11164935 11877.5 1.5115929 11877.5 1.4440789 11877.5 1.517459
11867.6 0.57665328 11867.6 0.14346891 11878.0 1.4916034 11878.0 1.3852906 11878.0 1.4440477
11868.1 0.80183201 11868.1 0.19804148 11878.5 1.4171346 11878.5 1.3203586 11878.5 1.4678557
11868.6 1.1357024 11868.6 0.2762717 11879.0 1.3937073 11879.0 1.2579763 11879.0 1.4331561
11869.1 1.5224387 11869.1 0.43544975 11879.5 1.3426982 11879.5 1.2463704 11879.5 1.4248175
11869.6 2.0282785 11869.6 0.68883421 11880.0 1.3125864 11880.0 1.2384095 11880.0 1.3859989
11870.1 2.697566 11870.1 1.1676522 11880.5 1.2609237 11880.5 1.2657301 11880.5 1.383434
11870.6 3.6079912 11870.6 1.7256769 11881.0 1.2098114 11881.0 1.1973757 11881.0 1.3703018
11871.0 4.7234136 11871.0 2.4536732 11881.5 1.217241 11881.5 1.192472 11881.5 1.3393711
11871.5 5.7255169 11871.5 2.9161014 11882.0 1.2143692 11882.0 1.164283 11882.0 1.3159773
11872.0 6.0249108 11872.0 3.272122 11882.5 1.1747241 11882.5 1.2334597 11882.5 1.3377665
11872.5 5.4396826 11872.5 3.4869758 11883.0 1.180948 11883.0 1.1478643 11883.0 1.3248886
11873.0 4.3557854 11873.0 3.6375987 11883.5 1.1666214 11883.5 1.1414271 11883.5 1.267771
11873.5 3.5973723 11873.5 3.610689 11884.0 1.1685437 11884.0 1.1098146 11884.0 1.2631862
11874.0 2.93823 11874.0 3.362154 11884.5 1.1658816 11884.5 1.1121069 11884.5 1.2448226
11874.5 2.5715496 11874.5 2.9137974 11885.0 1.1784277 11885.0 1.1480889 11885.0 1.2397216
11875.0 2.3250816 11875.0 2.4047031 11885.5 1.168146 11885.5 1.114655 11885.5 1.1914252
11875.5 2.1802438 11875.4 1.9962857 11886.0 1.1807118 11886.0 1.1610744 11886.0 1.1356739
11875.9 2.1387542 11875.9 1.6511868 11886.5 1.1839925 11886.5 1.1844422 11886.5 1.203866
11876.4 2.1047913 11876.4 1.4417835 11887.0 1.1883251 11887.0 1.1391823 11887.0 1.1633882
11876.9 2.0890434 11876.9 1.2774954 11887.5 1.2021654 11887.5 1.1809517 11887.5 1.1566507
11877.4 2.0763684 11877.4 1.1865979 11888.0 1.1564004 11888.0 1.1581554 11888.0 1.1404628
11877.9 2.0650869 11877.9 1.1245567 11888.5 1.1788948 11888.5 1.1998025 11888.5 1.1179981
11878.4 2.0473826 11878.4 1.0893675 11889.0 1.2005963 11889.0 1.1510903 11889.0 1.1422494
11878.9 2.0460105 11878.9 1.0797978 11889.5 1.1296153 11889.5 1.1157007 11889.5 1.1158779
11879.4 2.0213665 11879.4 1.0898556 11890.0 1.1527113 11890.0 1.13348 11890.0 1.0740147
11879.9 2.0240924 11879.9 1.1157047 11890.5 1.1822099 11890.5 1.1541592 11890.5 1.0780326
11880.4 2.0304863 11880.4 1.1495313 11891.0 1.1583177 11891.0 1.1631496 11891.0 1.0549068
11880.8 2.0363789 11880.9 1.1827458 11891.5 1.1600937 11891.5 1.1462954 11891.5 1.0486059
11881.3 2.0443168 11881.3 1.2065463 11892.0 1.1727405 11892.0 1.1620318 11892.0 1.0500593
11881.8 2.032767 11881.8 1.2172561 11892.5 1.1115335 11892.5 1.1459219 11892.5 1.0494833
11882.3 2.0056184 11882.3 1.2168951 11893.0 1.1519172 11893.0 1.1384276 11893.0 0.99862608
11882.8 1.9581501 11882.8 1.2072456 11893.5 1.1173147 11893.5 1.0928746 11893.5 1.0137526
11883.3 1.9193163 11883.3 1.1926976 11894.0 1.1187312 11894.0 1.0887313 11894.0 1.034281
11883.8 1.8919022 11883.8 1.1778796 11894.5 1.1255615 11894.5 1.1106689 11894.5 0.99598744
11884.3 1.8265947 11884.3 1.1634277 11895.0 1.1296695 11895.0 1.0351498 11895.0 0.9553288
11884.8 1.7852498 11884.8 1.1565825 11895.5 1.0976395 11895.5 1.0713746 11895.5 0.98738658
11885.3 1.7129701 11885.3 1.1425803 11896.0 1.0707587 11896.0 1.1038 11896.0 0.9608148
11885.8 1.667292 11885.8 1.1284605 11896.5 1.0947647 11896.5 1.0192249 11896.5 0.97545924
11886.3 1.6164568 11886.2 1.1168006 11897.0 1.0485336 11897.0 1.0731611 11897.0 1.0153265
11886.7 1.5368768 11886.7 1.104485 11897.5 1.045936 11897.5 1.0113805 11897.5 0.9267448
11887.2 1.4821327 11887.2 1.0892114 11898.0 1.0000612 11898.0 1.0919851 11898.0 0.95498558
11887.7 1.4611587 11887.7 1.0719772 11898.5 1.0424258 11898.5 1.0162486 11898.5 0.95870406
11888.2 1.4366485 11888.2 1.052467 11899.0 0.97874399 11899.0 0.97501876 11899.0 0.96105172
11888.7 1.3932527 11888.7 1.0382905 11899.5 0.99213641 11899.5 0.98750874 11899.5 0.9184323
11889.2 1.3589088 11889.2 1.0221632 11900.0 0.96617715 11900.0 0.99899119 11900.0 0.92107531
11889.7 1.3271408 11889.7 1.0085749 11900.5 0.93244041 11900.5 0.96916716 11900.5 0.94435209
11890.2 1.3072619 11890.2 0.99785298 11901.0 0.94010062 11901.0 0.95777908 11901.0 0.90189645
11890.7 1.2798127 11890.7 0.98238226 11901.5 0.90515702 11901.5 0.92127219 11901.5 0.91976549
11891.2 1.2524147 11891.2 0.96798653 11902.0 0.90735494 11902.0 0.90027557 11902.0 0.92102336
11891.7 1.2351257 11891.7 0.95076203 11902.5 0.88762042 11902.5 0.91738757 11902.5 0.87795065
11892.2 1.2157156 11892.2 0.9314959 11903.0 0.88475515 11903.0 0.9175681 11903.0 0.88571679
11892.6 1.1739737 11892.6 0.91226076 11903.5 0.8617779 11903.5 0.86912145 11903.5 0.87937048
11893.1 1.1660764 11893.1 0.89634846 11904.0 0.85698458 11904.0 0.85434397 11904.0 0.90574301
11893.6 1.1519094 11893.6 0.88150937 11904.5 0.8267158 11904.5 0.86687481 11904.5 0.91093038
11894.1 1.1269595 11894.1 0.86923101 11905.0 0.80498178 11905.0 0.89944929 11905.0 0.91746488
11894.6 1.1201613 11894.6 0.86115891 11905.5 0.79613505 11905.5 0.84915455 11905.5 0.89704691
11895.1 1.0947895 11895.1 0.85463555 11906.0 0.80643476 11906.0 0.8645276 11906.0 0.86674277
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11895.6 1.077584 11895.6 0.84904065 11906.5 0.81429304 11906.5 0.80538786 11906.5 0.84044717
11896.1 1.0637976 11896.1 0.84370242 11907.0 0.80379136 11907.0 0.832842 11907.0 0.86358979
11896.6 1.0446549 11896.6 0.83484753 11908.0 0.81039381 11908.0 0.79307373 11908.0 0.8129605
11897.1 1.013491 11897.1 0.82766035 11909.0 0.80744421 11909.0 0.77613541 11909.0 0.87710697
11897.6 1.0184894 11897.6 0.81791657 11910.0 0.81454315 11910.0 0.850665 11910.0 0.91804474
11898.1 0.99659345 11898.1 0.81016335 11911.0 0.81688098 11911.0 0.80725931 11911.0 0.9145885
11898.6 0.9942928 11898.6 0.80082776 11912.0 0.80050184 11912.0 0.8330358 11912.0 0.87027407
11899.1 0.96869622 11899.0 0.79244182 11913.0 0.83158335 11913.0 0.84743616 11913.0 0.90358462
11899.5 0.95680941 11899.5 0.78284467 11914.0 0.82695101 11914.0 0.92650053 11914.0 0.92179583
11900.0 0.94276185 11900.0 0.77454622 11915.0 0.81379899 11915.0 0.83808622 11915.0 0.92821858
11900.5 0.94281576 11900.5 0.76526973 11916.0 0.8388642 11916.0 0.88458579 11916.0 0.93918479
11901.0 0.9372086 11901.0 0.75752304 11917.0 0.84087854 11917.0 0.95216175 11917.0 0.94673794
11901.5 0.92278287 11901.5 0.74873691 11918.0 0.85790966 11918.0 0.89206253 11918.0 0.94388298
11902.0 0.90666492 11902.0 0.74082431 11919.0 0.90481776 11919.0 0.8668711 11919.0 0.94682058
11902.5 0.91864948 11902.5 0.73197374 11920.0 0.89705954 11920.0 0.86835921 11920.0 0.89508939
11903.0 0.91096369 11903.0 0.72358828 11921.0 0.86715719 11921.0 0.97084921 11921.0 0.95889153
11904.0 0.88990643 11904.0 0.70620277 11922.0 0.92799989 11922.0 0.89101207 11922.0 0.97810454
11905.0 0.89855049 11905.0 0.69558463 11923.0 0.94584593 11923.0 0.8650801 11923.0 0.99887447
11905.9 0.89142646 11905.9 0.68705146 11924.0 0.92992172 11924.0 0.95426009 11924.0 0.97874565
11906.8 0.8895724 11906.8 0.67937427 11925.0 0.94551358 11925.0 0.88945437 11925.0 0.97990376
11907.8 0.89331926 11907.8 0.67621529 11926.0 0.96782842 11926.0 0.96640332 11926.0 0.94372387
11908.8 0.8953587 11908.8 0.67583633 11927.0 0.99656388 11927.0 0.88970041 11927.0 1.0259683
11909.7 0.90698109 11909.7 0.67978925 11928.0 0.95152788 11928.0 0.96806587 11928.0 1.0463504
11910.7 0.92076524 11910.7 0.68794437 11929.0 1.0156593 11929.0 0.91556393 11929.0 0.99551602
11911.7 0.92969491 11911.7 0.698436 11930.0 1.0016544 11930.0 0.99640243 11930.0 1.023344
11912.8 0.93627211 11912.8 0.71200209 11931.0 0.95835589 11931.0 1.0058507 11931.0 0.97526665
11913.8 0.93976843 11913.8 0.72589479 11932.0 0.96170024 11932.0 0.98653078 11932.0 0.9862261
11914.8 0.96635559 11914.8 0.73917304 11933.0 0.98562874 11933.0 1.0119954 11933.0 1.0344085
11915.9 0.97107204 11915.9 0.7528497 11934.0 1.0183569 11934.0 1.0398063 11934.0 1.0183681
11916.9 0.97719509 11916.9 0.76607012 11935.0 1.0506353 11935.0 1.049704 11935.0 1.0038992
11918.0 0.99066546 11918.0 0.77878109 11936.0 1.0285206 11936.0 1.0365432 11936.0 1.0104283
11919.1 0.99088919 11919.1 0.79059607 11937.0 1.0165368 11937.0 1.0222355 11937.0 1.0118041
11920.2 1.0052849 11920.2 0.80356521 11938.0 0.990199 11938.0 1.0122967 11938.0 1.0647793
11921.3 1.0176512 11921.3 0.81900157 11939.0 1.0576689 11939.0 1.0330192 11939.0 0.98696808
11922.5 1.0333022 11922.5 0.83633159 11940.0 1.0719991 11940.0 1.036767 11940.0 1.0571029
11923.6 1.0352478 11923.6 0.85376107 11941.0 1.0787438 11941.0 0.99888152 11941.0 1.0269324
11924.8 1.0394791 11924.8 0.87206548 11942.0 1.0161016 11942.0 1.0527483 11942.0 0.99559211
11925.9 1.0407843 11925.9 0.88964151 11943.0 1.0732297 11943.0 1.0844837 11943.0 1.0112794
11927.1 1.0471933 11927.1 0.90593918 11944.0 1.041579 11944.0 1.1075902 11944.0 0.98617131
11928.3 1.0675589 11928.3 0.92025375 11945.0 1.0572513 11945.0 1.0385103 11945.0 1.0013384
11929.5 1.0748849 11929.5 0.93390206 11946.0 1.1027257 11946.0 1.0690695 11946.0 1.052165
11930.7 1.0750108 11930.7 0.94526759 11947.0 1.0811196 11947.0 1.0403144 11947.0 1.0092357
11931.9 1.0810091 11931.9 0.95886072 11948.0 1.0715214 11948.0 1.106811 11948.0 0.9699056
11933.2 1.0755644 11933.2 0.9711799 11949.0 1.1133103 11949.0 1.0944283 11949.0 0.9663849
11934.4 1.0825646 11934.4 0.9826526 11950.0 1.0677785 11950.0 1.1016119 11950.0 1.0202562
11935.7 1.0774042 11935.7 0.99198909 11951.0 1.0588019 11951.0 1.0685644 11951.0 0.99040139
11936.9 1.0793079 11936.9 1.0009858 11952.0 1.0562144 11952.0 1.0599544 11952.0 1.0530774
11938.2 1.0772383 11938.2 1.0093854 11953.0 1.0685956 11953.0 1.1076967 11953.0 0.97588316
11939.5 1.0793423 11939.5 1.0167053 11954.0 1.0966686 11954.0 1.0395225 11954.0 1.0168544
11940.8 1.0808129 11940.8 1.0254295 11955.0 1.0270349 11955.0 1.0514024 11955.0 1.0587211
11942.2 1.0740569 11942.2 1.0339425 11956.0 1.0999806 11956.0 1.1077152 11956.0 1.056739
11943.5 1.0602999 11943.5 1.0416914 11957.0 1.0819845 11957.0 1.0779578 11957.0 1.0276292
11944.8 1.0700304 11944.9 1.0466436 11958.0 1.0715403 11958.0 1.1626604 11958.0 1.0180785
11946.2 1.062495 11946.2 1.0496945 11959.0 1.1160948 11959.0 1.0541555 11959.0 1.0093682
11947.6 1.0581634 11947.6 1.049811 11960.0 1.0710196 11960.0 1.1482197 11960.0 0.95428504
11949.0 1.0500299 11949.0 1.048253 11961.0 1.0512415 11961.0 1.0444254 11961.0 1.0129723
11950.4 1.048527 11950.4 1.0457783 11962.0 1.0815041 11962.0 1.0126633 11962.0 0.94199356
11951.8 1.0344534 11951.8 1.042198 11963.0 1.0281594 11963.0 1.0245327 11963.0 0.97720991
11953.2 1.0285729 11953.2 1.0397332 11964.0 1.0591455 11964.0 0.9957272 11964.0 0.97367527
11954.6 1.0218816 11954.6 1.03703 11965.0 1.0946295 11965.0 1.0453585 11965.0 0.99583857
11956.1 1.0133012 11956.1 1.0351301 11966.0 1.1043249 11966.0 1.0512386 11966.0 0.95377711
11957.5 1.0025164 11957.5 1.0317322 11967.0 1.0790874 11967.0 1.01192 11967.0 1.0006341
11959.0 1.0022942 11959.0 1.0284696 11968.0 1.0076852 11968.0 1.0992877 11968.0 1.0067028
11960.5 0.9926847 11960.5 1.0241069 11969.0 1.0408662 11969.0 1.0223025 11969.0 1.0076316
11962.0 0.99136619 11962.0 1.0188629 11970.0 1.0961189 11970.0 1.077087 11970.0 1.021341
11963.5 0.98216696 11963.5 1.0142835 11971.0 1.0451916 11971.0 1.039303 11971.0 0.98569661
11965.0 0.97950278 11965.0 1.0104023 11972.0 1.0674464 11972.0 1.0590798 11972.0 0.95708938
11966.5 0.97362245 11966.5 1.0063152 11973.0 1.0433196 11973.0 1.0653797 11973.0 0.99263959
11968.1 0.97264253 11968.1 1.0013462 11974.0 1.030003 11974.0 1.0577125 11974.0 1.0435565
11969.6 0.97301431 11969.6 0.99607833 11975.0 1.0582391 11975.0 1.0505646 11975.0 1.0325508
11971.2 0.9716673 11971.2 0.99048188 11976.0 1.0162792 11976.0 1.0136649 11976.0 0.98665796
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11972.8 0.97064897 11972.8 0.98535906 11977.0 1.0239508 11977.0 0.98584802 11977.0 1.0686608
11974.4 0.96409394 11974.3 0.97886868 11978.0 1.018291 11978.0 1.0634417 11978.0 0.95189239
11976.0 0.96806159 11976.0 0.973895 11979.0 0.98059505 11979.0 1.0705996 11979.0 0.95902551
11977.6 0.96934455 11977.6 0.96780961 11980.0 1.0029084 11980.0 1.0142914 11980.0 0.9924496
11979.2 0.96686279 11979.2 0.96178035 11981.0 1.0023809 11981.0 1.0195642 11981.0 0.96581838
11980.8 0.96815154 11980.8 0.95557816 11982.0 1.0214562 11982.0 1.0076489 11982.0 0.98544417
11982.5 0.96550181 11982.5 0.94937776 11983.0 0.98253785 11983.0 0.99808497 11983.0 0.99261011
11984.2 0.96436949 11984.2 0.9418039 11984.0 1.0055264 11984.0 0.98269558 11984.0 0.97042848
11985.8 0.9557889 11985.8 0.93697059 11985.0 0.98847316 11985.0 0.97557458 11985.0 0.99534422
11987.5 0.95571353 11987.5 0.93228185 11986.0 1.002684 11986.0 0.96306173 11986.0 1.0261711
11989.2 0.96811139 11989.2 0.92892441 11987.0 0.95842982 11987.0 0.93353203 11987.0 1.0134032
11990.9 0.97580209 11990.9 0.9256605 11988.0 0.9668825 11988.0 0.98337042 11988.0 1.0166551
11992.7 0.97481102 11992.7 0.92324769 11989.0 0.97073391 11989.0 0.98440002 11989.0 0.99013984
11994.4 0.97844106 11994.4 0.92051335 11990.0 0.99653652 11990.0 0.98803179 11990.0 1.0256785
11996.1 0.97655199 11996.1 0.92025745 11991.0 0.96478346 11991.0 0.97799917 11991.0 1.0152922
11997.9 0.97579586 11997.9 0.92119197 11992.0 0.96315836 11992.0 0.93733841 11992.0 0.99108196
11999.7 0.98372203 11999.7 0.92169573 11993.0 0.93417767 11993.0 0.98027456 11993.0 1.011177
12001.5 0.98807806 12001.5 0.92387682 11994.0 0.93773277 11994.0 0.94675525 11994.0 0.97145635
12003.3 0.98943271 12003.3 0.9263668 11995.0 0.95254239 11995.0 0.944396 11995.0 1.0362292
12005.1 0.98925028 12005.1 0.93119824 11996.0 0.96694787 11996.0 0.97689164 11996.0 1.0427353
12006.9 0.97742517 12006.9 0.93425262 11997.0 0.95393432 11997.0 0.91891588 11997.0 1.0250333
12008.7 0.97828945 12008.7 0.93960277 11998.0 0.96729177 11998.0 0.99064856 11998.0 1.0331821
12010.6 0.98191599 12010.6 0.94433588 11999.0 0.96779856 11999.0 0.97200425 11999.0 1.0598692
12012.4 0.99007732 12012.4 0.94943312 12000.0 0.95218297 12000.0 0.97190938 12000.0 1.0317162
12014.3 0.99907521 12014.3 0.95509804 12001.0 0.96084838 12001.0 0.90835552 12001.0 1.0235221
12016.2 1.007292 12016.2 0.95996767 12002.0 0.94955164 12002.0 0.96381315 12002.0 1.0592386
12018.1 1.0050288 12018.1 0.9649531 12003.0 0.94577733 12003.0 0.89857346 12003.0 1.0509448
12020.0 1.0000527 12020.0 0.96867107 12004.0 0.95852906 12004.0 0.98135835 12004.0 1.0824848
12021.9 0.99910543 12021.9 0.97507949 12005.0 0.98372549 12005.0 0.97081935 12005.0 1.0446645
12023.9 1.0003569 12023.8 0.97914894
12025.8 1.0078802 12025.8 0.98429744
12027.8 1.0057721 12027.8 0.98805964
12029.7 1.0023743 12029.7 0.99280693
12031.7 1.0019743 12031.7 0.99621733
12033.7 1.0010943 12033.7 1.0008456
12035.7 1.0079834 12035.7 1.003807
12037.7 1.0101867 12037.7 1.0059478
12039.8 1.0110994 12039.8 1.0090783
12041.8 1.0085666 12041.8 1.0107896
12043.8 1.006435 12043.8 1.0110495
12045.9 1.0056484 12045.9 1.0108472
12048.0 0.99900172 12048.0 1.0115201
12050.1 1.0000279 12050.1 1.0108812
12052.2 0.99817403 12052.2 1.0105752
12054.3 0.99862259 12054.3 1.0099434
12056.4 0.99724414 12056.4 1.0084845
12058.6 0.9990178 12058.6 1.0086254
12060.7 0.99754888 12060.7 1.0082806
12062.9 0.99243658 12062.9 1.0086235
12065.1 0.98989039 12065.1 1.0085508
12067.2 0.99162802 12067.2 1.0085761
12069.4 0.9950981 12069.5 1.0081974
12071.7 0.99790897 12071.7 1.0082306
12073.9 0.99782977 12073.9 1.0073504
12076.1 0.99909866 12076.1 1.0067574
12078.4 0.99297805 12078.4 1.0058849
12080.6 0.99251842 12080.6 1.005628
12082.9 0.99383383 12082.9 1.0041155
12085.2 1.0015155 12085.2 1.0031535
12087.5 1.000837 12087.5 1.0009206
12089.8 0.99707145 12089.8 0.99959919
12092.1 0.99877193 12092.1 0.99868401
12094.5 0.99876735 12094.5 0.9975704
12096.8 0.99824147 12096.8 0.99695258
12099.2 0.99628234 12099.2 0.9947265
12101.5 0.99500179 12101.5 0.99687952
12103.9 0.99725013 12103.9 0.99549014
12106.3 0.99544098 12106.3 0.9941151
12108.7 0.99864633 12108.7 0.99183459
12111.1 0.99910291 12111.1 0.99003942
12113.6 1.0011721 12113.6 0.98843486
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12116.0 1.0012249 12116.0 0.98671692
12118.5 0.99619248 12118.5 0.98599744
12121.0 0.99265871 12120.9 0.98464622
12123.4 0.99164812 12123.4 0.98408559
12125.9 0.99480354 12125.9 0.98427685
12128.4 0.99633919 12128.4 0.98468257
12130.9 0.99710562 12131.0 0.98499796
12133.5 0.99737268 12133.5 0.98552295
12136.0 0.99775961 12136.0 0.98727507
12138.6 0.99700195 12138.6 0.98872536
12141.1 0.99713719 12141.1 0.99143513
12143.7 0.99723405 12143.7 0.99315509
12146.3 1.0028584 12146.3 0.99676267
12148.9 1.0016165 12148.9 0.99853706
12151.5 1.002345 12151.5 1.0002675
12154.1 1.0037101 12154.1 1.0035864
12156.8 1.0035535 12156.8 1.0045909
12159.4 1.0053487 12159.4 1.0060884
12162.1 1.0064471 12162.1 1.0072347
12164.8 1.0069618 12164.8 1.0074793
12167.5 1.0067998 12167.5 1.0078501
12170.2 1.0041673 12170.2 1.007359
12172.9 1.0024761 12172.9 1.006922
12175.6 0.99967545 12175.6 1.0061527
12178.3 0.99964409 12178.4 1.0053206
12181.1 1.0003434 12181.1 1.004841
12183.9 1.0004074 12183.9 1.0028828
12186.6 0.99927333 12186.6 1.002673
12189.4 0.99676344 12189.4 1.0016562
12192.2 0.9966554 12192.2 1.0020542
12195.0 0.99587451 12195.0 1.0008082
12197.8 0.99442387 12197.8 1.0011232
12200.7 0.99458101 12200.7 1.0011234
12203.5 1.0018183 12203.5 1.0012527
12206.4 1.0035643 12206.4 1.0018862
12209.3 1.0020495 12209.3 1.0020802
12212.1 1.0014649 12212.1 1.0031469
12215.0 1.0021042 12215.0 1.0043041
12217.9 1.0030653 12217.9 1.0039545
12220.9 1.0025499 12220.9 1.0050352
12223.8 1.0031709 12223.8 1.0056862
12226.7 1.0055827 12226.7 1.0055336
12229.7 1.0066158 12229.7 1.0055561
12232.7 1.0046442 12232.7 1.0057338
12235.7 1.0027548 12235.6 1.0056313
12238.6 1.0047886 12238.6 1.0067444
12241.7 1.0042355 12241.7 1.0051414
12244.7 1.0014848 12244.7 1.0042503
12247.7 1.0027683 12247.7 1.0028468
12250.7 1.0037808 12250.7 1.001531
12253.8 1.004554 12253.8 1.0004321
12256.9 1.0041034 12256.9 0.99940736
12259.9 1.0041815 12259.9 0.99868343
12263.0 1.0038379 12263.0 0.99848724
12266.1 1.0032102 12266.1 0.99732121
12269.2 1.002769 12269.2 0.99589854
12272.4 1.0025266 12272.4 0.99506188
12275.5 1.0015268 12275.5 0.99481893
12278.7 1.0004209 12278.7 0.99499509
12281.8 0.99963134 12281.8 0.99423007
12285.0 0.9984845 12285.0 0.99450725
12288.2 0.99846374 12288.2 0.99619037
12291.4 0.99843344 12291.4 0.99617431
12294.6 0.99722856 12294.6 0.99705216
12297.8 0.99595228 12297.8 0.99795874
12301.1 0.99512138 12301.1 0.99869189
12304.3 0.99281114 12304.3 1.0009958
12307.6 0.99398118 12307.6 1.0011211
12310.9 0.9939684 12310.9 1.0014867
12314.1 0.99251027 12314.1 1.0027405
12317.4 0.99016104 12317.4 1.0028008
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12320.7 0.98969244 12320.7 1.0029842
12324.1 0.98808126 12324.1 1.0036202
12327.4 0.98833706 12327.4 1.0032559
12330.7 0.98839539 12330.8 1.0035673
12334.1 0.9867777 12334.1 1.0029146
12337.5 0.98466596 12337.5 1.0028686
12340.9 0.9841684 12340.9 1.0022476
12344.2 0.98385698 12344.3 1.0015372
12347.7 0.98410501 12347.7 1.0014996
12351.1 0.98411881 12351.1 1.0006215
12354.5 0.98370931 12354.5 1.0015629
12358.0 0.9834598 12358.0 1.0014032
12361.4 0.98311913 12361.4 1.0019079
12364.9 0.98377763 12364.9 1.0027907
12368.4 0.98337855 12368.4 1.0030318
12371.9 0.98284806 12371.9 1.0035141
12375.4 0.98228686 12375.4 1.0048982
12378.9 0.98217719 12378.9 1.0057113
12382.4 0.98153582 12382.4 1.0076976
12386.0 0.97865591 12386.0 1.0086667
12389.5 0.97759576 12389.5 1.0088065
12393.1 0.97667119 12393.1 1.009225
12396.7 0.97614185 12396.7 1.010695
12400.2 0.97674639 12400.2 1.0100363
12403.8 0.97627583 12403.8 1.0114202
12407.5 0.97513823 12407.5 1.0121685
12411.1 0.97309198 12411.1 1.0119286
12414.7 0.97280211 12414.7 1.0116071
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
11800.0 0.04627994 11800.0 1.69E-03 11800.0 2.47E-03 11667.0 4.35E-03 11800.0 1.02E-03
11805.0 0.00639604 11805.0 9.28E-04 11805.0 2.67E-03 11672.0 3.91E-03 11805.0 9.36E-04
11810.0 -0.01468789 11810.0 1.11E-03 11810.0 1.04E-03 11677.0 3.78E-03 11810.0 5.96E-04
11815.0 -0.10238745 11815.0 -6.23E-04 11815.0 -1.30E-03 11682.0 3.64E-03 11815.0 3.76E-04
11820.0 0.01621414 11820.0 -7.24E-04 11820.0 -4.55E-03 11687.0 3.19E-03 11820.0 3.64E-04
11825.0 0.04870244 11825.0 -2.20E-03 11825.0 -2.57E-03 11692.0 2.91E-03 11825.0 -2.22E-04
11830.0 -0.01271882 11830.0 -4.21E-03 11830.0 2.97E-04 11697.0 2.85E-03 11830.0 -2.26E-04
11835.0 -0.00051386 11835.0 -9.86E-04 11835.0 -7.87E-03 11702.0 2.59E-03 11835.0 -4.72E-04
11840.0 0.01271546 11840.0 4.15E-04 11840.0 4.66E-03 11707.0 2.07E-03 11840.0 -7.77E-04
11845.0 0.06075614 11845.0 4.61E-03 11845.0 5.13E-03 11712.0 2.08E-03 11845.0 -7.25E-04
11850.0 0.0383014 11850.0 9.59E-03 11850.0 5.87E-03 11717.0 1.98E-03 11850.0 -1.01E-03
11855.0 0.0326025 11855.0 2.38E-02 11855.0 1.31E-02 11722.0 1.87E-03 11855.0 -1.26E-03
11855.5 0.0321808 11855.5 2.58E-02 11855.5 1.88E-02 11727.0 1.51E-03 11860.0 -1.17E-03
11856.0 -0.00735316 11856.0 2.73E-02 11856.0 1.99E-02 11732.0 1.12E-03 11865.0 -9.06E-04
11856.5 0.06139788 11856.5 3.06E-02 11856.5 2.71E-02 11737.0 8.36E-04 11870.0 -5.96E-04
11857.0 0.04297646 11857.0 3.05E-02 11857.0 2.58E-02 11742.0 5.99E-04 11875.0 -2.29E-04
11857.5 0.02778398 11857.5 3.50E-02 11857.5 2.77E-02 11747.0 3.53E-04 11880.0 3.71E-04
11858.0 -0.0172337 11858.0 3.72E-02 11858.0 3.05E-02 11752.0 -4.06E-05 11885.0 1.34E-03
11858.5 0.10818222 11858.5 4.20E-02 11858.5 3.12E-02 11757.0 -3.21E-04 11890.0 2.59E-03
11859.0 0.10358616 11859.0 4.70E-02 11859.0 3.56E-02 11762.0 -4.31E-04 11895.0 4.53E-03
11859.5 0.07794833 11859.5 5.19E-02 11859.5 3.74E-02 11767.0 -4.14E-04 11900.0 7.93E-03
11860.0 0.0965968 11860.0 5.85E-02 11860.0 4.42E-02 11772.0 -6.91E-04 11900.5 8.31E-03
11860.5 0.12162995 11860.5 6.38E-02 11860.5 5.09E-02 11777.0 -7.35E-04 11901.0 8.98E-03
11861.0 0.06846581 11861.0 6.90E-02 11861.0 5.49E-02 11782.0 -1.08E-03 11901.5 9.26E-03
11861.5 0.09975132 11861.5 7.37E-02 11861.5 5.96E-02 11787.0 -1.28E-03 11902.0 9.66E-03
11862.0 0.16540102 11862.0 8.44E-02 11862.0 6.60E-02 11792.0 -1.38E-03 11902.5 1.08E-02
11862.5 0.14401621 11862.5 9.18E-02 11862.5 6.78E-02 11797.0 -1.41E-03 11903.0 1.16E-02
11863.0 0.26443477 11863.0 0.10436191 11863.0 7.84E-02 11802.0 -1.48E-03 11903.5 1.18E-02
11863.5 0.23633568 11863.5 0.11624428 11863.5 9.21E-02 11806.9 -1.41E-03 11904.0 1.32E-02
11864.0 0.37726136 11864.0 0.13566478 11864.0 0.10431026 11811.4 -1.52E-03 11904.5 1.37E-02
11864.5 0.47688051 11864.5 0.15501047 11864.5 0.12553592 11815.7 -1.15E-03 11905.0 1.50E-02
11865.0 0.53063324 11865.0 0.18609364 11865.0 0.1464973 11819.7 -1.29E-03 11905.5 1.60E-02
11865.5 0.58111187 11865.5 0.22270957 11865.5 0.18095125 11823.4 -6.82E-04 11906.0 1.68E-02
11866.0 0.71570069 11866.0 0.26477496 11866.0 0.21713831 11826.8 -7.74E-04 11906.5 1.80E-02
11866.5 0.78960157 11866.5 0.3181801 11866.5 0.2628795 11829.9 -3.86E-04 11907.0 1.94E-02
11867.0 0.98198731 11867.0 0.3750081 11867.0 0.31276776 11832.8 -5.31E-05 11907.5 2.06E-02
11867.5 1.2238455 11867.5 0.43268243 11867.5 0.37811468 11835.4 1.98E-04 11908.0 2.22E-02
1R4F smoke 
condenste, PTFE filter, 
with cryojet
As High Ash (1) As High Ash (2) As2O5 Metallic Au
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11868.0 1.4739342 11868.0 0.51114839 11868.0 0.45609513 11837.7 9.24E-04 11908.5 2.40E-02
11868.5 1.8474779 11868.5 0.58686333 11868.5 0.57010599 11839.7 1.55E-03 11909.0 2.56E-02
11869.0 2.2486458 11869.0 0.70511787 11869.0 0.69613877 11841.4 1.95E-03 11909.5 2.77E-02
11869.5 2.7874087 11869.5 0.79977285 11869.5 0.84933514 11842.9 2.69E-03 11910.0 3.04E-02
11870.0 2.9746723 11870.0 0.91381464 11870.0 0.99416497 11844.1 2.93E-03 11910.5 3.28E-02
11870.5 3.0088017 11870.5 0.98402245 11870.5 1.1031089 11845.0 3.43E-03 11911.0 3.61E-02
11871.0 2.865778 11871.0 1.0672852 11871.0 1.2181206 11845.6 3.78E-03 11911.5 3.92E-02
11871.5 2.489286 11871.5 1.1161461 11871.5 1.4052023 11846.1 4.02E-03 11912.0 4.33E-02
11872.0 2.166657 11872.0 0.78020847 11872.0 1.7057103 11846.6 4.23E-03 11912.5 4.73E-02
11872.5 1.8923952 11872.5 0.38252308 11872.5 2.0967881 11847.1 4.67E-03 11913.0 5.25E-02
11873.0 1.7140567 11873.0 0.25604515 11873.0 2.4255914 11847.6 5.15E-03 11913.5 5.84E-02
11873.5 1.5547399 11873.5 0.23426918 11873.5 2.6639535 11848.1 5.43E-03 11914.0 6.59E-02
11874.0 1.5475673 11874.0 0.26756159 11874.0 2.643379 11848.6 5.98E-03 11914.5 7.41E-02
11874.5 1.4641481 11874.5 0.26205138 11874.5 2.4619262 11849.1 6.39E-03 11915.0 8.54E-02
11875.0 1.4725472 11875.0 0.31317009 11875.0 2.2354802 11849.6 6.52E-03 11915.5 9.62E-02
11875.5 1.4141301 11875.5 0.37965343 11875.5 1.9921491 11850.1 6.82E-03 11916.0 0.11421325
11876.0 1.3937746 11876.0 0.60215775 11876.0 1.8010579 11850.6 7.37E-03 11916.5 0.13307739
11876.5 1.419201 11876.5 0.83918129 11876.5 1.665324 11851.1 7.70E-03 11917.0 0.1558815
11877.0 1.3397078 11877.0 0.86512602 11877.0 1.5885208 11851.6 8.43E-03 11917.5 0.18803027
11877.5 1.3926953 11877.5 0.96903376 11877.5 1.5169386 11852.1 9.05E-03 11918.0 0.22198409
11878.0 1.37872 11878.0 1.0277347 11878.0 1.4560068 11852.6 9.59E-03 11918.5 0.26737065
11878.5 1.2626359 11878.5 1.0375013 11878.5 1.406464 11853.1 1.00E-02 11919.0 0.31986511
11879.0 1.365756 11879.0 1.0291618 11879.0 1.3550273 11853.6 1.05E-02 11919.5 0.37018015
11879.5 1.2790188 11879.5 1.0908768 11879.5 1.3143566 11854.1 1.16E-02 11920.0 0.43222974
11880.0 1.3579482 11880.0 1.11831 11880.0 1.2763086 11854.6 1.23E-02 11920.5 0.48211051
11880.5 1.2813845 11880.5 1.1144509 11880.5 1.2392115 11855.1 1.31E-02 11921.0 0.53047572
11881.0 1.2359247 11881.0 1.0897873 11881.0 1.2175607 11855.6 1.40E-02 11921.5 0.56401373
11881.5 1.2085577 11881.5 1.137958 11881.5 1.1870534 11856.1 1.48E-02 11922.0 0.5941724
11882.0 1.2506333 11882.0 1.0841893 11882.0 1.1721462 11856.6 1.57E-02 11922.5 0.61308543
11882.5 1.328484 11882.5 1.0541789 11882.5 1.1621118 11857.1 1.66E-02 11923.0 0.62784104
11883.0 1.2522869 11883.0 1.101137 11883.0 1.1540133 11857.6 1.80E-02 11923.5 0.63444824
11883.5 1.2317617 11883.5 1.1243604 11883.5 1.1395761 11858.1 1.92E-02 11924.0 0.63725478
11884.0 1.2207725 11884.0 1.1021071 11884.0 1.136656 11858.6 2.04E-02 11924.5 0.63801497
11884.5 1.1918227 11884.5 1.1192899 11884.5 1.1400937 11859.1 2.21E-02 11925.0 0.63774883
11885.0 1.2498083 11885.0 1.0884076 11885.0 1.1379096 11859.6 2.35E-02 11925.5 0.63741392
11885.5 1.1629607 11885.5 1.0747419 11885.5 1.145482 11860.1 2.56E-02 11926.0 0.63832694
11886.0 1.121087 11886.0 1.1057914 11886.0 1.1456873 11860.6 2.80E-02 11926.5 0.64074958
11886.5 1.1069192 11886.5 1.0676092 11886.5 1.1437399 11861.1 3.01E-02 11927.0 0.6460658
11887.0 1.0916632 11887.0 1.0951998 11887.0 1.1501956 11861.6 3.27E-02 11927.5 0.65321056
11887.5 1.0812392 11887.5 1.0915891 11887.5 1.155988 11862.1 3.55E-02 11928.0 0.6612682
11888.0 1.1308482 11888.0 1.1477593 11888.0 1.1559963 11862.6 3.86E-02 11928.5 0.67587883
11888.5 1.0496674 11888.5 1.1242738 11888.5 1.1613677 11863.1 4.19E-02 11929.0 0.68737344
11889.0 1.1098403 11889.0 1.1264278 11889.0 1.1594332 11863.6 4.62E-02 11929.5 0.70223142
11889.5 1.0797959 11889.5 1.1190696 11889.5 1.1685712 11864.1 5.11E-02 11930.0 0.71518176
11890.0 1.0950413 11890.0 1.0889161 11890.0 1.174022 11864.6 5.70E-02 11930.5 0.72928151
11890.5 1.0110003 11890.5 1.0938692 11890.5 1.17956 11865.1 6.38E-02 11931.0 0.74163348
11891.0 1.0592531 11891.0 1.078455 11891.0 1.1611702 11865.6 7.19E-02 11931.5 0.75340429
11891.5 0.98696843 11891.5 1.0491445 11891.5 1.163859 11866.1 8.15E-02 11932.0 0.76318803
11892.0 1.0431588 11892.0 1.0937568 11892.0 1.1572662 11866.6 9.48E-02 11932.5 0.77316996
11892.5 0.96793311 11892.5 1.0728406 11892.5 1.1518927 11867.1 0.10986104 11933.0 0.7783347
11893.0 0.99853761 11893.0 1.0530453 11893.0 1.1335356 11867.6 0.13125005 11933.5 0.78411159
11893.5 1.0020405 11893.5 1.0785719 11893.5 1.139915 11868.1 0.15798678 11934.0 0.78733907
11894.0 1.0149722 11894.0 1.0838885 11894.0 1.1412812 11868.6 0.19497289 11934.5 0.79050677
11894.5 1.0388932 11894.5 1.0728056 11894.5 1.1263789 11869.1 0.25007428 11935.0 0.7936282
11895.0 1.1233322 11895.0 1.0780097 11895.0 1.112254 11869.6 0.32913659 11935.5 0.79712238
11895.5 0.99166397 11895.5 1.0693051 11895.5 1.0991071 11870.1 0.4439971 11936.0 0.80049989
11896.0 0.95415116 11896.0 1.04043 11896.0 1.0913841 11870.6 0.61865957 11936.5 0.80454471
11896.5 1.0229642 11896.5 1.0317944 11896.5 1.07805 11871.1 0.85409653 11937.0 0.81113055
11897.0 0.9748346 11897.0 1.0437412 11897.0 1.0547674 11871.6 1.3003857 11937.5 0.81738859
11897.5 1.01471 11897.5 1.058245 11897.5 1.0380847 11872.1 2.2205603 11938.0 0.82394343
11898.0 0.98079833 11898.0 1.0480102 11898.0 1.0191052 11872.6 3.9912643 11938.5 0.82901186
11898.5 0.91324264 11898.5 1.0236007 11898.5 0.99866604 11873.1 7.7720599 11939.0 0.83398865
11899.0 0.90096641 11899.0 1.0244467 11899.0 0.99178674 11873.6 12.538303 11939.5 0.83935081
11899.5 0.93010754 11899.5 1.0120531 11899.5 0.97808706 11874.1 12.988043 11940.0 0.84587634
11900.0 0.96005576 11900.0 0.99247936 11900.0 0.96562316 11874.6 9.5664546 11940.5 0.8551622
11900.5 0.88777862 11900.5 0.99590924 11900.5 0.94667795 11875.1 6.3591947 11941.0 0.86783732
11901.0 0.83071296 11901.0 0.9722521 11901.0 0.92877278 11875.6 4.2966933 11941.5 0.88576546
11901.5 0.89878434 11901.5 0.97389458 11901.5 0.90676585 11876.1 2.9760999 11942.0 0.90586436
11902.0 0.86822628 11902.0 0.96247002 11902.0 0.89469403 11876.6 2.2327447 11942.5 0.93195824
11902.5 0.95379461 11902.5 0.95313844 11902.5 0.8871352 11877.1 1.8432627 11943.0 0.95973067
11903.0 0.91479098 11903.0 0.94729007 11903.0 0.88452829 11877.6 1.63083 11943.5 0.98933608
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11903.5 0.86324306 11903.5 0.95086286 11903.5 0.86700387 11878.1 1.5110257 11944.0 1.0217475
11904.0 0.9341083 11904.0 0.93433808 11904.0 0.85482106 11878.6 1.452527 11944.5 1.050438
11904.5 0.95649627 11904.5 0.94492363 11904.5 0.84403556 11879.1 1.4140682 11945.0 1.0707774
11905.0 0.85371518 11905.0 0.91971496 11905.0 0.83178121 11879.6 1.3852431 11945.5 1.086031
11905.5 0.88569381 11905.5 0.91761416 11905.5 0.82011037 11880.1 1.3625226 11946.0 1.0914808
11906.0 0.87815023 11906.0 0.91975917 11906.0 0.82161148 11880.6 1.3428779 11946.5 1.0898725
11906.5 0.97522477 11906.5 0.91046016 11906.5 0.81650975 11881.1 1.3250129 11947.0 1.0798745
11907.0 0.90984575 11907.0 0.90850301 11907.0 0.81186253 11881.6 1.3129611 11947.5 1.0647425
11908.0 0.83857026 11908.0 0.91818202 11908.0 0.8102943 11882.1 1.3053318 11948.0 1.046043
11909.0 0.95188219 11909.0 0.90836561 11909.0 0.80478644 11882.6 1.3031766 11948.5 1.0283774
11910.0 0.84414067 11910.0 0.90475026 11910.0 0.80685125 11883.1 1.3056047 11949.0 1.0101194
11911.0 0.85701039 11911.0 0.89963991 11911.0 0.80294412 11883.6 1.3126716 11949.5 0.99159531
11912.0 0.82593276 11912.0 0.90967244 11912.0 0.80840821 11884.1 1.3247647 11950.0 0.97535496
11913.0 0.93861801 11913.0 0.90783594 11913.0 0.81184747 11884.6 1.3360434 11950.5 0.96291578
11914.0 0.89106655 11914.0 0.90093409 11914.0 0.81632268 11885.1 1.3516003 11951.0 0.95320789
11915.0 0.98287068 11915.0 0.90993256 11915.0 0.83737449 11885.6 1.3658348 11951.5 0.94596173
11916.0 0.94430413 11916.0 0.92714864 11916.0 0.84664188 11886.1 1.3794651 11952.0 0.9421651
11917.0 0.95057231 11917.0 0.95058606 11917.0 0.86437925 11886.6 1.3908739 11952.5 0.94085398
11918.0 0.94586091 11918.0 0.94738294 11918.0 0.85814451 11887.1 1.4001877 11953.0 0.93986705
11919.0 0.97163204 11919.0 0.9507592 11919.0 0.89172975 11887.6 1.4070628 11953.5 0.93877649
11920.0 1.1538426 11920.0 0.98379066 11920.0 0.89729483 11888.1 1.4120516 11954.0 0.93670562
11921.0 1.1167701 11921.0 0.94556559 11921.0 0.90327554 11888.4 1.4130023 11954.5 0.93461475
11922.0 0.97335119 11922.0 0.96935215 11922.0 0.93092974 11888.9 1.4134439 11955.0 0.93123332
11923.0 0.94912201 11923.0 0.96024057 11923.0 0.93056535 11889.4 1.4098676 11955.5 0.92914494
11924.0 1.0528984 11924.0 1.0062099 11924.0 0.94972039 11890.0 1.4031366 11956.0 0.92551113
11925.0 1.0742529 11925.0 0.97479705 11925.0 0.95019606 11890.5 1.3897779 11956.5 0.92016025
11926.0 0.94976949 11926.0 0.98806156 11926.0 0.9527563 11891.1 1.3739655 11957.0 0.91688801
11927.0 0.91747781 11927.0 1.0216842 11927.0 0.97246314 11891.7 1.3522881 11957.5 0.91699678
11928.0 1.0568675 11928.0 1.0060558 11928.0 0.96838246 11892.3 1.3293451 11958.0 0.91533746
11929.0 0.99253078 11929.0 1.0020498 11929.0 0.98264156 11893.0 1.3029865 11958.5 0.91784203
11930.0 1.1322849 11930.0 1.0277625 11930.0 0.99530107 11893.8 1.274499 11959.0 0.92032865
11931.0 1.0754775 11931.0 1.0192098 11931.0 0.99285787 11894.6 1.2381059 11959.5 0.92654518
11932.0 1.064912 11932.0 1.0314816 11932.0 0.98713743 11895.4 1.1985782 11960.0 0.93343571
11933.0 1.1298853 11933.0 1.0204124 11933.0 1.0112253 11896.2 1.1553282 11960.5 0.94174135
11934.0 1.0011969 11934.0 1.0166289 11934.0 1.0278669 11897.1 1.1102244 11961.0 0.95100816
11935.0 1.0161573 11935.0 1.0172781 11935.0 1.0253952 11897.9 1.0632112 11961.5 0.96081967
11936.0 1.0482937 11936.0 0.98724177 11936.0 1.0383352 11898.8 1.0161179 11962.0 0.97163143
11937.0 1.0641815 11937.0 1.0419829 11937.0 1.0193697 11899.7 0.97284773 11962.5 0.98359077
11938.0 1.0256654 11938.0 1.0563612 11938.0 1.0401697 11900.6 0.92929638 11963.0 0.99315219
11939.0 1.0461779 11939.0 1.0356948 11939.0 1.0406055 11901.5 0.88830543 11963.5 1.0055449
11940.0 1.0851564 11940.0 1.052785 11940.0 1.0448479 11902.4 0.84695814 11964.0 1.0182494
11941.0 1.0399792 11941.0 1.0215863 11941.0 1.0472113 11903.4 0.81196389 11964.5 1.028235
11942.0 1.048621 11942.0 1.0507708 11942.0 1.0496601 11904.3 0.78093722 11965.0 1.039709
11943.0 1.0022177 11943.0 1.0664736 11943.0 1.0677043 11905.3 0.75672966 11965.5 1.0522437
11944.0 1.0336869 11944.0 1.0427179 11944.0 1.0638358 11906.3 0.73758217 11966.0 1.0625477
11945.0 0.98125234 11945.0 1.0662409 11945.0 1.0661643 11907.2 0.72241586 11966.5 1.0710937
11946.0 1.0865056 11946.0 1.0352978 11946.0 1.0645083 11908.2 0.71258119 11967.0 1.0799253
11947.0 1.0479873 11947.0 1.0465779 11947.0 1.0631418 11909.3 0.70755563 11967.5 1.0848417
11948.0 1.0251494 11948.0 1.0510133 11948.0 1.0729386 11910.3 0.7059521 11968.0 1.0905368
11949.0 0.98843499 11949.0 1.0634826 11949.0 1.0696329 11911.3 0.70834789 11968.5 1.0921359
11950.0 0.97708105 11950.0 1.0443022 11950.0 1.077803 11912.4 0.71250495 11969.0 1.095882
11951.0 1.048533 11951.0 1.0579879 11951.0 1.0824682 11913.4 0.7196552 11969.5 1.096844
11952.0 1.0862081 11952.0 1.0299337 11952.0 1.0750624 11914.5 0.72855574 11970.0 1.094517
11953.0 0.98098316 11953.0 1.0311999 11953.0 1.0737109 11915.6 0.73935094 11970.5 1.089297
11954.0 0.93103692 11954.0 1.0179582 11954.0 1.071833 11916.6 0.75137743 11971.0 1.0860264
11955.0 1.1035919 11955.0 1.0340906 11955.0 1.0707305 11917.8 0.76424587 11971.5 1.0800341
11956.0 0.95914538 11956.0 1.0602513 11956.0 1.0817047 11918.9 0.77767167 11972.0 1.0753855
11957.0 1.0118623 11957.0 1.0205855 11957.0 1.0753986 11920.0 0.79225796 11972.5 1.0673515
11958.0 1.0666341 11958.0 1.0540552 11958.0 1.0765965 11921.2 0.80774534 11973.0 1.0620724
11959.0 1.0258976 11959.0 1.0393947 11959.0 1.0808354 11922.3 0.82406088 11973.5 1.0553098
11960.0 0.99741685 11960.0 1.0494644 11960.0 1.0591613 11923.5 0.83952727 11974.0 1.050006
11961.0 0.96874623 11961.0 1.0449963 11961.0 1.0576218 11924.7 0.85522323 11974.5 1.0444547
11962.0 1.0108715 11962.0 1.0301135 11962.0 1.0665824 11925.8 0.87118385 11975.0 1.0403875
11963.0 0.96048688 11963.0 1.0393665 11963.0 1.0674266 11927.0 0.88683601 11975.5 1.0362085
11964.0 0.97101382 11964.0 1.0096441 11964.0 1.0440154 11928.3 0.90206963 11976.0 1.0318281
11965.0 0.99348432 11965.0 1.0339507 11965.0 1.0405289 11929.5 0.91783962 11976.5 1.0277481
11966.0 1.0036351 11966.0 1.0057348 11966.0 1.0350304 11930.7 0.93150782 11977.0 1.024468
11967.0 0.97048417 11967.0 1.0475508 11967.0 1.0370504 11932.0 0.94783249 11977.5 1.0221531
11968.0 0.98412231 11968.0 1.0464044 11968.0 1.0480439 11933.3 0.96507938 11978.0 1.017425
11969.0 1.0042051 11969.0 1.0197486 11969.0 1.0384822 11934.5 0.98201855 11978.5 1.0144659
11970.0 0.8896864 11970.0 1.0354572 11970.0 1.0421357 11935.8 0.99842593 11979.0 1.012112
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11971.0 0.8822056 11971.0 0.99430427 11971.0 1.0347946 11937.1 1.0107116 11979.5 1.0089659
11972.0 0.96033027 11972.0 1.0104906 11972.0 1.0303198 11938.4 1.0197478 11980.0 1.0064603
11973.0 0.94054254 11973.0 0.99778069 11973.0 1.0152368 11939.8 1.0295265 11980.5 1.003943
11974.0 0.9349342 11974.0 1.0011158 11974.0 1.0191049 11941.1 1.0426411 11981.0 1.0026596
11975.0 0.95890274 11975.0 0.99530854 11975.0 1.0291649 11942.5 1.0551895 11981.5 1.0008081
11976.0 1.078569 11976.0 1.0020318 11976.0 1.0271541 11943.8 1.0674666 11982.0 0.99955458
11977.0 0.99151106 11977.0 1.0092827 11977.0 1.0173975 11945.2 1.0778885 11982.5 0.99637504
11978.0 1.0132877 11978.0 1.011147 11978.0 1.0091507 11946.6 1.085994 11983.0 0.99488391
11979.0 0.94098387 11979.0 0.98163237 11979.0 1.0158055 11948.0 1.0922758 11983.5 0.99272232
11980.0 0.96034938 11980.0 0.99349818 11980.0 1.0161898 11949.4 1.0971011 11984.0 0.98979912
11981.0 1.0017068 11981.0 0.97656738 11981.0 1.0122882 11950.8 1.1017212 11984.5 0.98705126
11982.0 1.0335656 11982.0 1.0111182 11982.0 0.99675972 11952.2 1.1053251 11985.0 0.98286642
11983.0 1.0377141 11983.0 1.0053963 11983.0 1.0013201 11953.7 1.107884 11985.5 0.97944944
11984.0 0.99171893 11984.0 1.0032263 11984.0 0.98683628 11955.2 1.1094084 11986.0 0.97465312
11985.0 0.98416047 11985.0 0.97609233 11985.0 0.98889041 11956.6 1.1095074 11986.5 0.9702148
11986.0 0.97081943 11986.0 1.0074797 11986.0 0.98543533 11958.1 1.108703 11987.0 0.96850547
11987.0 1.0018844 11987.0 0.99511291 11987.0 0.98255484 11959.6 1.1070368 11987.5 0.96393302
11988.0 0.96303895 11988.0 1.008155 11988.0 0.98257338 11961.1 1.1041113 11988.0 0.9603186
11989.0 1.0524375 11989.0 0.98263789 11989.0 0.97435162 11962.6 1.1007814 11988.5 0.95669964
11990.0 0.94211099 11990.0 0.96330825 11990.0 0.96383542 11964.2 1.0969427 11989.0 0.95497846
11991.0 1.0513195 11991.0 0.97731622 11991.0 0.97026874 11965.7 1.0915241 11989.5 0.95265572
11992.0 0.95970543 11992.0 0.99401052 11992.0 0.97393244 11967.3 1.0855148 11990.0 0.95055224
11993.0 1.0588896 11993.0 0.94673758 11993.0 0.98069954 11968.8 1.0787737 11990.5 0.94884836
11994.0 1.0086273 11994.0 0.97104985 11994.0 0.97778963 11970.4 1.0709281 11991.0 0.94804847
11995.0 0.96084193 11995.0 0.9808919 11995.0 0.97631769 11972.0 1.0625464 11991.5 0.94833082
11996.0 1.0921404 11996.0 0.9847122 11996.0 0.95957449 11973.6 1.0537402 11992.0 0.94782873
11997.0 0.95288593 11997.0 0.95427123 11997.0 0.97690987 11975.2 1.0439217 11992.5 0.94842096
11998.0 1.0216351 11998.0 0.96409655 11998.0 0.96413485 11976.9 1.0351216 11993.0 0.94845524
11999.0 0.99444771 11999.0 0.97855887 11999.0 0.96653521 11978.5 1.0251346 11993.5 0.94921565
12000.0 1.0634336 12000.0 0.94733056 12000.0 0.96193903 11980.2 1.0138121 11994.0 0.95040243
12001.0 1.0874206 12001.0 0.97128792 12001.0 0.97384685 11981.8 1.0038772 11994.5 0.95319343
12002.0 1.0278991 12002.0 0.97692968 12002.0 0.96010114 11983.5 0.99358438 11995.0 0.9539823
12003.0 1.1070641 12003.0 0.96112304 12003.0 0.96882648 11985.2 0.98376787 11995.5 0.9565941
12004.0 0.95068993 12004.0 0.97539728 12004.0 0.96848677 11986.9 0.97496584 11996.0 0.95812844
12005.0 0.98369029 12005.0 0.95711376 12005.0 0.96992949 11988.6 0.96598202 11996.5 0.96175723
11990.3 0.9580756 11997.0 0.96404658
11992.1 0.95126812 11997.5 0.96639972
11993.8 0.94543904 11998.0 0.96993811
11995.6 0.94015219 11998.5 0.972951
11997.4 0.93609576 11999.0 0.97717264
11999.2 0.93314191 11999.5 0.97914503
12001.0 0.93168988 12000.0 0.98529222
12002.8 0.93025163 12001.0 0.99414626
12004.6 0.9294547 12002.0 1.0034766
12006.5 0.93039231 12003.0 1.0134227
12008.3 0.93092534 12004.0 1.0200516
12010.2 0.932391 12005.0 1.0275278
12012.0 0.93498467 12006.0 1.0360071
12013.9 0.93808612 12007.0 1.0377927
12015.8 0.94090519 12008.0 1.0393243
12017.7 0.94438955 12009.0 1.039988
12019.7 0.94763398 12010.0 1.0374111
12021.6 0.95201176 12011.0 1.0345725
12023.5 0.95614973 12012.0 1.0310409
12025.5 0.96079047 12013.0 1.0294155
12027.5 0.96549825 12014.0 1.0253953
12029.5 0.96950639 12015.0 1.0214367
12031.5 0.97449661 12016.0 1.0188191
12033.5 0.97878936 12017.0 1.0160566
12035.5 0.983255 12018.0 1.0129656
12037.5 0.9884182 12019.0 1.0106468
12039.6 0.99479508 12020.0 1.0093814
12041.6 1.0008834 12021.0 1.0070973
12043.7 1.0046147 12022.0 1.0075699
12045.8 1.0084567 12023.0 1.0082515
12047.9 1.012929 12024.0 1.009854
12050.0 1.0141177 12025.0 1.0096539
12052.1 1.0160963 12026.0 1.0116884
12054.2 1.0184241 12027.0 1.0121555
12056.4 1.0204206 12028.0 1.012676
12058.5 1.0224654 12029.0 1.0124848
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12060.7 1.0237581 12030.0 1.0122296
12062.9 1.0249872 12031.0 1.01107
12065.1 1.0253334 12032.0 1.009412
12067.2 1.0251303 12033.0 1.0082368
12069.5 1.0253182 12034.0 1.0054192
12071.7 1.0252328 12035.0 1.0030237
12073.9 1.0241342 12036.0 1.0005696
12076.2 1.0233102 12037.0 0.99840939
12078.5 1.0223424 12038.0 0.99547697
12080.7 1.0214563 12039.0 0.99321429
12083.0 1.0196901 12040.0 0.98944475
12085.3 1.017397 12041.0 0.98487281
12087.6 1.0157533 12042.0 0.98279236
12090.0 1.0134662 12043.0 0.98117615
12092.3 1.0109895 12044.0 0.97778159
12094.7 1.0100394 12045.0 0.97661123
12097.0 1.0074331
12099.4 1.0062496
12101.8 1.0043183
12104.2 1.0017994
12106.6 0.99975633
12109.0 0.99684451
12111.4 0.99415585
12113.9 0.99239538
12116.4 0.9906894
12118.8 0.98859181
12121.3 0.98707226
12123.8 0.98552051
12126.3 0.98459439
12128.8 0.98361351
12131.4 0.98280557
12133.9 0.9817784
12136.5 0.98189506
12139.0 0.98212084
12141.6 0.98158718
12144.2 0.98249863
12146.8 0.98264447
12149.4 0.98320084
12152.1 0.98411559
12154.7 0.98529838
12157.4 0.98612941
12160.0 0.9868798
12162.7 0.98837997
12165.4 0.99016939
12168.1 0.99134859
12170.8 0.9934518
12173.6 0.99429053
12176.3 0.99587516
12179.0 0.99727007
12181.8 0.99897101
12184.6 1.0006218
12187.4 1.0016536
12190.2 1.0028494
12193.0 1.0040138
12195.8 1.0047114
12198.7 1.0058497
12201.5 1.0069256
12204.4 1.0074293
12207.2 1.0079702
12210.1 1.0085626
12213.0 1.008807
12215.9 1.0090388
12218.9 1.0101766
12221.8 1.0098251
12224.7 1.0097198
12227.7 1.0096545
12230.7 1.0093677
12233.7 1.0096792
12236.7 1.0092034
12239.7 1.0088456
12242.7 1.0087043
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12245.7 1.0082478
12248.7 1.007906
12251.8 1.0068466
12254.9 1.0068977
12258.0 1.0058374
12261.1 1.0058895
12264.2 1.0046905
12267.3 1.0043909
12270.4 1.003796
12273.6 1.0039264
12276.7 1.003527
12279.9 1.0031821
12283.1 1.0029399
12286.3 1.0025366
12289.5 1.002141
12292.7 1.0025115
12295.9 1.0023101
12299.1 1.0024818
12302.4 1.0026984
12305.7 1.0030391
12308.9 1.0036249
12312.2 1.0049124
12315.5 1.0055066
12318.8 1.0058714
12322.2 1.0068367
12325.5 1.0081212
12328.0 1.0089806
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
11800.0 0.22305801 11800.0 4.35E-02 11800.0 6.76E-03 11800.0 -2.47E-02 11800.0 -1.04E-02
11805.0 0.02477491 11805.0 9.89E-03 11805.0 6.29E-03 11805.0 6.39E-02 11805.0 -1.36E-02
11810.0 -0.14474668 11810.0 -4.24E-02 11810.0 -7.68E-03 11810.0 -8.68E-02 11810.0 3.44E-02
11815.0 -0.11749835 11815.0 2.28E-02 11815.0 -2.30E-03 11815.0 1.96E-02 11815.0 -1.65E-02
11820.0 -0.14406386 11820.0 -2.11E-03 11820.0 -1.18E-02 11820.0 5.17E-02 11820.0 2.54E-03
11825.0 0.06720965 11825.0 -3.63E-02 11825.0 5.79E-04 11825.0 -3.15E-02 11825.0 -1.03E-02
11830.0 -0.0509038 11830.0 3.68E-03 11830.0 -2.71E-03 11830.0 2.43E-02 11830.0 2.75E-02
11835.0 0.05337243 11835.0 -4.38E-02 11835.0 1.03E-02 11835.0 1.24E-02 11835.0 2.04E-02
11840.0 0.01029874 11840.0 -7.87E-02 11840.0 5.44E-04 11840.0 -2.89E-02 11840.0 -3.40E-02
11845.0 0.07849896 11845.0 0.1233544 11845.0 2.80E-03 11845.0 -1.06E-02 11845.0 2.05E-02
11850.0 0.17750393 11850.0 3.67E-02 11850.0 1.98E-02 11850.0 2.05E-03 11850.0 -4.47E-02
11855.0 0.03268969 11855.0 -9.77E-02 11855.0 4.03E-02 11855.0 1.75E-02 11855.0 -8.71E-03
11855.5 0.05960384 11855.5 1.34E-03 11855.5 4.11E-02 11855.5 -2.23E-02 11855.5 -5.49E-02
11856.0 0.07881496 11856.0 -3.18E-02 11856.0 3.38E-02 11856.0 2.81E-02 11856.0 -3.54E-02
11856.5 0.08671283 11856.5 -8.41E-02 11856.5 3.30E-02 11856.5 5.21E-02 11856.5 8.41E-03
11857.0 0.1276508 11857.0 -3.30E-02 11857.0 4.09E-02 11857.0 2.32E-02 11857.0 -2.45E-02
11857.5 -0.06954977 11857.5 -1.77E-02 11857.5 3.70E-02 11857.5 7.96E-02 11857.5 1.09E-02
11858.0 0.31053684 11858.0 -1.06E-02 11858.0 5.14E-02 11858.0 6.33E-02 11858.0 -1.00E-02
11858.5 0.1830687 11858.5 7.60E-02 11858.5 5.24E-02 11858.5 3.80E-02 11858.5 1.71E-02
11859.0 0.09123818 11859.0 -3.73E-02 11859.0 4.67E-02 11859.0 1.84E-02 11859.0 -9.37E-03
11859.5 0.12848354 11859.5 -0.11071866 11859.5 4.96E-02 11859.5 8.95E-02 11859.5 5.82E-02
11860.0 0.05207985 11860.0 -6.05E-02 11860.0 6.44E-02 11860.0 3.41E-02 11860.0 4.48E-02
11860.5 0.20750846 11860.5 -9.46E-02 11860.5 6.16E-02 11860.5 8.61E-02 11860.5 2.36E-02
11861.0 0.1592804 11861.0 -0.13117006 11861.0 7.07E-02 11861.0 7.16E-02 11861.0 4.12E-02
11861.5 0.08635632 11861.5 -0.1048978 11861.5 8.73E-02 11861.5 0.11293722 11861.5 6.48E-02
11862.0 0.32507297 11862.0 -0.13808508 11862.0 9.72E-02 11862.0 8.15E-02 11862.0 5.77E-02
11862.5 0.36587832 11862.5 -0.10332224 11862.5 0.12144252 11862.5 0.11266983 11862.5 7.53E-02
11863.0 0.18258324 11863.0 -0.10548239 11863.0 0.13760393 11863.0 0.14983998 11863.0 0.12480596
11863.5 0.04146842 11863.5 -9.69E-02 11863.5 0.16792707 11863.5 0.15838881 11863.5 9.44E-02
11864.0 0.20235106 11864.0 -0.1350806 11864.0 0.20572685 11864.0 0.16076741 11864.0 0.11581986
11864.5 0.39771197 11864.5 6.00E-02 11864.5 0.25682773 11864.5 0.21843797 11864.5 0.21215697
11865.0 0.36686607 11865.0 3.81E-02 11865.0 0.32474719 11865.0 0.29814555 11865.0 0.20847538
11865.5 0.17031838 11865.5 0.12532302 11865.5 0.4158013 11865.5 0.38427813 11865.5 0.31513661
11866.0 0.28627262 11866.0 0.22456945 11866.0 0.57294083 11866.0 0.48259881 11866.0 0.44924227
11866.5 0.33628569 11866.5 0.3784792 11866.5 0.7591709 11866.5 0.65506469 11866.5 0.50626918
11867.0 0.14917251 11867.0 0.35925068 11867.0 1.1146003 11867.0 0.93030757 11867.0 0.87661245
11867.5 0.04505291 11867.5 0.6656878 11867.5 1.4753664 11867.5 1.0194584 11867.5 1.1607952
11868.0 0.25551507 11868.0 0.8999634 11868.0 2.0058979 11868.0 1.4565131 11868.0 1.6956434
Boron nitride blank Filter butt blank on UQS
High As condensate on 
PTFE
High As smoke: 1 cig, 
no delay
High As smoke: 3 cigs, 
no delay
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11868.5 0.53709787 11868.5 1.2955773 11868.5 2.3417763 11868.5 1.90068 11868.5 2.0936853
11869.0 0.56685731 11869.0 1.6358869 11869.0 2.6196207 11869.0 2.1531797 11869.0 2.3948143
11869.5 0.57207769 11869.5 1.8912085 11869.5 2.7040645 11869.5 2.1492144 11869.5 2.5319348
11870.0 0.57886681 11870.0 2.0348767 11870.0 2.6003117 11870.0 2.1488155 11870.0 2.5063062
11870.5 0.62309656 11870.5 2.2970235 11870.5 2.3965443 11870.5 2.0402302 11870.5 2.2597008
11871.0 0.57099174 11871.0 2.9060484 11871.0 2.1562435 11871.0 1.9106055 11871.0 2.0819255
11871.5 0.62591098 11871.5 2.5493969 11871.5 1.9779445 11871.5 1.6683579 11871.5 1.94561
11872.0 0.65542758 11872.0 3.5844755 11872.0 1.8588349 11872.0 1.6102702 11872.0 1.7781651
11872.5 0.67827744 11872.5 3.6180536 11872.5 1.753229 11872.5 1.4738545 11872.5 1.7522632
11873.0 0.6665859 11873.0 4.4802658 11873.0 1.6919052 11873.0 1.3921649 11873.0 1.6939586
11873.5 0.67917619 11873.5 4.8096331 11873.5 1.6678696 11873.5 1.3841325 11873.5 1.5873151
11874.0 0.65263755 11874.0 6.0498583 11874.0 1.6504791 11874.0 1.4008964 11874.0 1.6223746
11874.5 0.50224693 11874.5 4.7252517 11874.5 1.6498121 11874.5 1.3580645 11874.5 1.5339149
11875.0 0.39279774 11875.0 4.9339075 11875.0 1.6069566 11875.0 1.271625 11875.0 1.5614737
11875.5 0.55466319 11875.5 4.7534391 11875.5 1.5677961 11875.5 1.3040363 11875.5 1.3700711
11876.0 0.66995573 11876.0 4.3142023 11876.0 1.5551944 11876.0 1.3372825 11876.0 1.4286548
11876.5 0.71919273 11876.5 4.7033094 11876.5 1.5186268 11876.5 1.411888 11876.5 1.4573348
11877.0 0.63416942 11877.0 4.7035795 11877.0 1.4710706 11877.0 1.2935198 11877.0 1.4445448
11877.5 0.76015019 11877.5 3.3255107 11877.5 1.4282296 11877.5 1.0591642 11877.5 1.4274802
11878.0 0.73855552 11878.0 3.494162 11878.0 1.4110788 11878.0 1.3249899 11878.0 1.3545878
11878.5 0.74484695 11878.5 2.9184049 11878.5 1.3842454 11878.5 1.2168285 11878.5 1.3015301
11879.0 0.79036497 11879.0 3.3676101 11879.0 1.3732984 11879.0 1.2837456 11879.0 1.3292889
11879.5 0.80492793 11879.5 2.1425006 11879.5 1.3214205 11879.5 1.175256 11879.5 1.3395197
11880.0 0.80526274 11880.0 2.6580985 11880.0 1.2929955 11880.0 1.0760312 11880.0 1.3809917
11880.5 0.77342122 11880.5 2.2879323 11880.5 1.2705024 11880.5 1.1626183 11880.5 1.2939533
11881.0 0.72657857 11881.0 2.0205699 11881.0 1.2917372 11881.0 1.1419715 11881.0 1.2717273
11881.5 0.73299539 11881.5 2.2907596 11881.5 1.2450064 11881.5 1.191286 11881.5 1.2830627
11882.0 0.71179193 11882.0 2.0364028 11882.0 1.2468058 11882.0 1.1650494 11882.0 1.2120811
11882.5 0.45274674 11882.5 1.8372553 11882.5 1.2413634 11882.5 1.1272201 11882.5 1.1905751
11883.0 0.75997323 11883.0 2.1218719 11883.0 1.2389869 11883.0 1.1488044 11883.0 1.2204136
11883.5 0.75463152 11883.5 1.9463249 11883.5 1.2073353 11883.5 1.3002901 11883.5 1.187392
11884.0 0.55070823 11884.0 2.0343438 11884.0 1.1869797 11884.0 1.2938538 11884.0 1.2178591
11884.5 0.67012946 11884.5 1.8238595 11884.5 1.1736891 11884.5 1.3284784 11884.5 1.0887684
11885.0 0.83798189 11885.0 1.5212289 11885.0 1.1701979 11885.0 1.230365 11885.0 1.168832
11885.5 0.84563076 11885.5 1.7518012 11885.5 1.1350314 11885.5 1.2192498 11885.5 1.1768943
11886.0 0.76809235 11886.0 1.8630034 11886.0 1.1471708 11886.0 1.2267745 11886.0 1.1299665
11886.5 0.70453656 11886.5 1.2905124 11886.5 1.1305887 11886.5 1.1309242 11886.5 1.1451886
11887.0 0.84736606 11887.0 1.8471032 11887.0 1.0991741 11887.0 0.97108152 11887.0 1.0658276
11887.5 0.90476623 11887.5 1.4332321 11887.5 1.0882983 11887.5 1.0716008 11887.5 1.1364219
11888.0 0.87453593 11888.0 1.4167035 11888.0 1.0836965 11888.0 1.3055315 11888.0 1.0178909
11888.5 0.85475038 11888.5 1.3162298 11888.5 1.0756755 11888.5 1.1599755 11888.5 1.0617049
11889.0 0.89975585 11889.0 1.2054172 11889.0 1.0656213 11889.0 1.2004102 11889.0 1.1121364
11889.5 0.85290153 11889.5 1.5012218 11889.5 1.0475396 11889.5 0.82193194 11889.5 1.1627204
11890.0 0.88628202 11890.0 0.88990509 11890.0 1.0266435 11890.0 1.2058984 11890.0 1.1013112
11890.5 0.89148989 11890.5 0.90036632 11890.5 1.0107751 11890.5 0.97315101 11890.5 0.93105104
11891.0 0.94349342 11891.0 0.70311109 11891.0 1.0270555 11891.0 1.174332 11891.0 1.1235933
11891.5 0.89734081 11891.5 0.93044091 11891.5 0.99437886 11891.5 1.156184 11891.5 1.0208369
11892.0 0.8991805 11892.0 1.0279711 11892.0 0.98791814 11892.0 1.028001 11892.0 0.96786133
11892.5 0.89214703 11892.5 1.1449577 11892.5 0.98791246 11892.5 1.0568284 11892.5 0.96630362
11893.0 0.9284614 11893.0 0.98630687 11893.0 0.96966612 11893.0 0.97312787 11893.0 1.0185899
11893.5 0.94992667 11893.5 0.85966789 11893.5 0.97604124 11893.5 1.0398241 11893.5 0.79432939
11894.0 0.94952873 11894.0 0.79445225 11894.0 0.96056065 11894.0 1.1250358 11894.0 0.92415683
11894.5 0.98961125 11894.5 0.84868465 11894.5 0.94303727 11894.5 1.1573704 11894.5 0.98885323
11895.0 0.99761306 11895.0 0.77151292 11895.0 0.94377162 11895.0 1.1576666 11895.0 1.0318383
11895.5 1.0036191 11895.5 0.82960574 11895.5 0.92464288 11895.5 0.79376047 11895.5 1.0520653
11896.0 1.0180026 11896.0 0.83452739 11896.0 0.94408777 11896.0 0.81913437 11896.0 0.85148433
11896.5 1.0110649 11896.5 0.5010943 11896.5 0.91982092 11896.5 0.89410939 11896.5 0.98178843
11897.0 1.0338068 11897.0 0.88073374 11897.0 0.93547763 11897.0 0.87469136 11897.0 0.92985572
11897.5 0.98959394 11897.5 0.60150119 11897.5 0.92030693 11897.5 0.89818112 11897.5 0.90567544
11898.0 0.92888941 11898.0 0.92266165 11898.0 0.9080103 11898.0 0.91636578 11898.0 0.8936942
11898.5 1.0125908 11898.5 1.1675266 11898.5 0.91054409 11898.5 0.91666951 11898.5 0.93899437
11899.0 1.0317868 11899.0 0.68943017 11899.0 0.91638996 11899.0 0.85867522 11899.0 0.96800969
11899.5 1.0336335 11899.5 0.80852957 11899.5 0.90643724 11899.5 0.90355486 11899.5 0.96632455
11900.0 1.0798646 11900.0 0.64354112 11900.0 0.90138921 11900.0 0.95764079 11900.0 0.92621582
11900.5 1.0547259 11900.5 0.60396556 11900.5 0.88321889 11900.5 0.83042623 11900.5 0.97337705
11901.0 1.1074985 11901.0 0.32223788 11901.0 0.91035215 11901.0 0.83614282 11901.0 0.92528493
11901.5 1.1300363 11901.5 0.47434168 11901.5 0.89268609 11901.5 0.90852299 11901.5 0.94910614
11902.0 1.1234355 11902.0 0.5845572 11902.0 0.89256349 11902.0 0.90401532 11902.0 0.70290896
11902.5 1.1495848 11902.5 0.9312543 11902.5 0.89277767 11902.5 0.85788302 11902.5 0.8006425
11903.0 1.0635593 11903.0 0.44363919 11903.0 0.89407072 11903.0 0.87082096 11903.0 0.87533978
11903.5 1.1488306 11903.5 0.76985448 11903.5 0.89586566 11903.5 0.87969352 11903.5 0.97994741
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11904.0 1.0754526 11904.0 0.22816398 11904.0 0.89601773 11904.0 0.86347581 11904.0 0.97910855
11904.5 1.1481281 11904.5 0.21775074 11904.5 0.90266521 11904.5 0.79712208 11904.5 0.98112934
11905.0 0.98314589 11905.0 0.50417676 11905.0 0.8978514 11905.0 0.87843426 11905.0 0.92121097
11905.5 0.95224427 11905.5 0.7042667 11905.5 0.90368836 11905.5 0.99081226 11905.5 0.99232896
11906.0 1.057052 11906.0 0.72428575 11906.0 0.90545418 11906.0 0.94628612 11906.0 0.83316884
11906.5 1.0697459 11906.5 1.0327556 11906.5 0.92270667 11906.5 0.84184624 11906.5 0.91647088
11907.0 0.84855213 11907.0 1.1180845 11907.0 0.90312017 11907.0 0.95119929 11907.0 0.87033406
11908.0 0.87720893 11908.0 1.1256621 11908.0 0.92178258 11908.0 0.96308507 11908.0 0.92579105
11909.0 1.0913638 11909.0 1.0341189 11909.0 0.91731968 11909.0 0.93022379 11909.0 0.85117268
11910.0 0.96282385 11910.0 0.76061565 11910.0 0.92469845 11910.0 0.85930303 11910.0 1.0064723
11911.0 0.65798502 11911.0 0.89191746 11911.0 0.93257677 11911.0 0.90389646 11911.0 0.92319233
11912.0 0.90612126 11912.0 0.73148602 11912.0 0.93343908 11912.0 0.90215122 11912.0 0.94690671
11913.0 0.93881184 11913.0 0.7083747 11913.0 0.95062791 11913.0 0.92559844 11913.0 0.92555261
11914.0 0.81627587 11914.0 0.83089569 11914.0 0.95233095 11914.0 0.9571581 11914.0 0.94247048
11915.0 0.93783395 11915.0 1.2955112 11915.0 0.9630817 11915.0 0.66814945 11915.0 0.96303719
11916.0 1.1591487 11916.0 0.90959032 11916.0 0.95007674 11916.0 0.77270655 11916.0 0.86921838
11917.0 1.0937731 11917.0 1.2749275 11917.0 0.97106535 11917.0 0.96595176 11917.0 1.0163711
11918.0 1.3770423 11918.0 0.9700959 11918.0 1.0174445 11918.0 0.9545104
11919.0 1.0509193 11919.0 0.99244 11919.0 0.88436448 11919.0 0.88940988
11920.0 0.88420704 11920.0 0.99188038 11920.0 1.0035232 11920.0 0.97251188
11921.0 0.88071325 11921.0 1.0019422 11921.0 1.0596953 11921.0 1.070067
11922.0 0.85823132 11922.0 1.0166604 11922.0 0.9975866 11922.0 0.96520422
11923.0 1.0959472 11923.0 1.0265742 11923.0 1.0029762 11923.0 0.95152804
11924.0 1.1840016 11924.0 1.0406419 11924.0 1.0525504 11924.0 0.91413569
11925.0 1.1549511 11925.0 1.0209043 11925.0 1.0310216 11925.0 0.95088557
11926.0 1.4167957 11926.0 1.0168738 11926.0 0.96459101 11926.0 0.79487986
11927.0 1.169636 11927.0 1.0112777 11927.0 1.049476 11927.0 1.0483951
11928.0 1.3128109 11928.0 1.0303756 11928.0 1.0608779 11928.0 1.1353573
11929.0 1.2003233 11929.0 1.0347076 11929.0 1.0517997 11929.0 1.0319589
11930.0 1.2727226 11930.0 1.0239891 11930.0 0.93536913 11930.0 0.9947514
11931.0 1.3835665 11931.0 1.0345512 11931.0 1.055822 11931.0 1.1325481
11932.0 1.3439876 11932.0 1.0234635 11932.0 1.068719 11932.0 1.1003075
11933.0 1.7519257 11933.0 1.0316975 11933.0 0.98970677 11933.0 0.93100424
11934.0 1.5503777 11934.0 1.0588043 11934.0 0.97174626 11934.0 0.94213494
11935.0 1.2852438 11935.0 1.0199001 11935.0 1.0441116 11935.0 1.0251704
11936.0 1.3569548 11936.0 1.0363627 11936.0 0.99119792 11936.0 0.8465669
11937.0 1.543592 11937.0 1.0068269 11937.0 1.0045387 11937.0 0.95021967
11938.0 1.5488825 11938.0 1.0278905 11938.0 0.99510428 11938.0 1.0639823
11939.0 1.5365379 11939.0 1.0428499 11939.0 1.0112938 11939.0 0.98677069
11940.0 1.6301594 11940.0 1.0379692 11940.0 1.0509639 11940.0 1.0154581
11941.0 1.2879231 11941.0 1.0498065 11941.0 1.0619096 11941.0 1.0953871
11942.0 1.6615998 11942.0 1.04166 11942.0 1.0618365 11942.0 1.1369787
11943.0 1.4543783 11943.0 1.027427 11943.0 1.0486669 11943.0 1.0375393
11944.0 1.3808796 11944.0 1.0411407 11944.0 0.99555194 11944.0 1.1058046
11945.0 1.2667919 11945.0 1.0094686 11945.0 0.97816172 11945.0 0.9965989
11946.0 1.4846739 11946.0 1.0335535 11946.0 1.0228562 11946.0 1.1107151
11947.0 1.7427978 11947.0 1.0204654 11947.0 1.0167106 11947.0 1.0449315
11948.0 1.4290313 11948.0 1.012634 11948.0 1.107874 11948.0 1.0171133
11949.0 1.3593719 11949.0 1.0257673 11949.0 0.97756138 11949.0 1.09839
11950.0 1.3674203 11950.0 1.0127709 11950.0 1.0208051 11950.0 1.0813371
11951.0 1.5761187 11951.0 1.0192845 11951.0 1.0539473 11951.0 0.96290591
11952.0 1.3511038 11952.0 1.0297975 11952.0 1.0670977 11952.0 1.1039963
11953.0 1.8881513 11953.0 1.0334696 11953.0 0.90172962 11953.0 1.1382518
11954.0 2.0252965 11954.0 1.0291193 11954.0 0.684101 11954.0 1.0586103
11955.0 1.3827451 11955.0 1.0328352 11955.0 0.87613477 11955.0 1.0598784
11956.0 1.3338926 11956.0 1.0759686 11956.0 1.0348046 11956.0 1.0357735
11957.0 1.3732389 11957.0 1.061836 11957.0 1.0574024 11957.0 0.97817952
11958.0 1.1853543 11958.0 1.0691097 11958.0 0.99001935 11958.0 0.93625272
11959.0 1.1700212 11959.0 1.0573997 11959.0 0.99582321 11959.0 1.0278527
11960.0 1.1079362 11960.0 1.0473132 11960.0 0.82981884 11960.0 0.91749871
11961.0 1.3475705 11961.0 1.031632 11961.0 1.0207092 11961.0 1.061248
11962.0 1.0137049 11962.0 1.0543048 11962.0 1.0509622 11962.0 1.0357642
11963.0 1.1227458 11963.0 1.0399407 11963.0 0.8831033 11963.0 1.0609851
11964.0 0.92075334 11964.0 1.0329527 11964.0 1.0601922 11964.0 1.0654796
11965.0 0.5386618 11965.0 1.0379672 11965.0 1.0737435 11965.0 1.0817758
11966.0 0.94911999 11966.0 1.0376878 11966.0 0.95186919 11966.0 0.96717049
11967.0 0.75841996 11967.0 1.0161614 11967.0 1.0407792 11967.0 1.0095782
11968.0 0.94995587 11968.0 1.0353964 11968.0 1.0141599 11968.0 1.0254836
11969.0 0.40450344 11969.0 1.024377 11969.0 0.98574425 11969.0 1.0439352
11970.0 0.81165799 11970.0 1.0146465 11970.0 1.0228525 11970.0 0.97317149
11971.0 0.79863735 11971.0 1.0101422 11971.0 0.97659334 11971.0 0.99467742
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11972.0 1.5143178 11972.0 0.99619465 11972.0 1.0494705 11972.0 1.0389229
11973.0 1.727451 11973.0 0.98294285 11973.0 0.88534191 11973.0 1.0423256
11974.0 1.8254229 11974.0 1.0007636 11974.0 0.73688802 11974.0 1.035207
11975.0 1.1125928 11975.0 0.9939697 11975.0 1.0085166 11975.0 1.0304973
11976.0 1.4413519 11976.0 0.99906002 11976.0 1.0204663 11976.0 1.0082247
11977.0 0.63232185 11977.0 0.98286618 11977.0 1.012632 11977.0 0.88796254
11978.0 0.70995907 11978.0 1.0000008 11978.0 1.0722091 11978.0 0.96418636
11979.0 0.40641306 11979.0 0.98735951 11979.0 0.96420548 11979.0 0.98898955
11980.0 0.23961631 11980.0 0.98668546 11980.0 0.95080243 11980.0 1.0097984
11981.0 0.46799234 11981.0 0.99201417 11981.0 0.88141722 11981.0 0.94112629
11982.0 0.40686072 11982.0 0.99466854 11982.0 1.0914179 11982.0 1.0001442
11983.0 0.64957004 11983.0 1.0035835 11983.0 1.0259778 11983.0 1.0077237
11984.0 0.62627816 11984.0 0.97420479 11984.0 0.98495701 11984.0 1.0261131
11985.0 0.67500099 11985.0 1.0021777 11985.0 0.99052446 11985.0 0.99230291
11986.0 0.72616415 11986.0 0.98958539 11986.0 1.042375 11986.0 1.0430749
11987.0 0.88173607 11987.0 0.98286581 11987.0 1.0730325 11987.0 1.0356485
11988.0 0.79857245 11988.0 0.97826408 11988.0 0.73845699 11988.0 0.91768887
11989.0 0.56380549 11989.0 0.97256949 11989.0 1.0424896 11989.0 1.0377425
11990.0 0.81057225 11990.0 0.95663954 11990.0 0.9715867 11990.0 1.0320101
11991.0 0.63254526 11991.0 0.97194802 11991.0 1.0698619 11991.0 1.0607409
11992.0 0.86800746 11992.0 0.98389039 11992.0 1.0080054 11992.0 1.0209464
11993.0 0.69080641 11993.0 0.98172007 11993.0 1.0687901 11993.0 0.9059683
11994.0 0.64799841 11994.0 0.97182 11994.0 0.99057343 11994.0 1.0492693
11995.0 0.60909976 11995.0 0.99241741 11995.0 1.037951 11995.0 1.0171472
11996.0 0.74097672 11996.0 0.98155721 11996.0 1.0565893 11996.0 0.94120505
11997.0 0.61823084 11997.0 0.9791735 11997.0 0.99184604 11997.0 0.99619173
11998.0 0.92280102 11998.0 0.9821149 11998.0 1.0607806 11998.0 1.0420964
11999.0 0.89675303 11999.0 0.99644708 11999.0 1.1102541 11999.0 1.0011636
12000.0 0.85232455 12000.0 0.99899571 12000.0 1.017104 12000.0 0.747862
12001.0 0.87784337 12001.0 0.98510166 12001.0 1.1420646 12001.0 1.0038913
12002.0 0.81217782 12002.0 0.99965896 12002.0 1.0912327 12002.0 1.050922
12003.0 0.90310378 12003.0 0.976591 12003.0 1.0545571 12003.0 0.99175645
12004.0 1.172789 12004.0 0.99459247 12004.0 1.098649 12004.0 1.0124637
12005.0 0.63895529 12005.0 0.9879509 12005.0 1.1553966 12005.0 0.94227047
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
11800.0 0.01991852 11800.0 5.50E-03 11800.0 2.93E-02 11800.0 -1.03E-02
11805.0 -0.01703116 11805.0 -6.21E-04 11805.0 3.22E-03 11805.0 -8.82E-04
11810.0 -0.00135606 11810.0 -2.86E-03 11810.0 -2.76E-02 11810.0 1.29E-02
11815.0 0.00951343 11815.0 5.66E-03 11815.0 2.58E-02 11815.0 9.70E-03
11820.0 -0.01417582 11820.0 -4.25E-03 11820.0 -9.96E-03 11820.0 -8.28E-03
11825.0 -0.01756418 11825.0 -8.60E-03 11825.0 -8.42E-02 11825.0 2.68E-03
11830.0 0.01396988 11830.0 -4.80E-03 11830.0 7.35E-03 11830.0 -3.85E-03
11835.0 0.00180361 11835.0 1.62E-03 11835.0 5.77E-02 11835.0 -4.57E-03
11840.0 0.00492179 11840.0 8.36E-03 11840.0 -1.54E-03 11840.0 2.68E-03
11845.0 0.01502156 11845.0 3.70E-03 11845.0 4.58E-02 11845.0 -7.75E-05
11850.0 0.02392754 11850.0 1.41E-02 11850.0 6.68E-02 11850.0 2.25E-03
11855.0 0.04326148 11855.0 5.52E-02 11855.0 7.73E-02 11855.0 7.69E-03
11855.5 0.05333119 11855.5 5.05E-02 11855.5 7.59E-02 11855.5 1.32E-02
11856.0 0.04375147 11856.0 4.62E-02 11856.0 9.88E-02 11856.0 2.75E-02
11856.5 0.0388357 11856.5 3.88E-02 11856.5 9.94E-02 11856.5 3.39E-02
11857.0 0.03062261 11857.0 3.47E-02 11857.0 0.11125539 11857.0 3.44E-02
11857.5 0.04700472 11857.5 4.34E-02 11857.5 0.12109853 11857.5 4.10E-02
11858.0 0.00834652 11858.0 3.42E-02 11858.0 0.16657786 11858.0 3.27E-02
11858.5 0.04256155 11858.5 3.78E-02 11858.5 0.15946703 11858.5 3.97E-02
11859.0 0.07792912 11859.0 4.84E-02 11859.0 0.13964255 11859.0 3.80E-02
11859.5 0.04719279 11859.5 5.54E-02 11859.5 0.13483692 11859.5 5.34E-02
11860.0 0.04986841 11860.0 6.63E-02 11860.0 0.15875808 11860.0 5.21E-02
11860.5 0.06932989 11860.5 6.20E-02 11860.5 0.18624537 11860.5 5.86E-02
11861.0 0.09523273 11861.0 8.42E-02 11861.0 0.19336482 11861.0 6.03E-02
11861.5 0.06921605 11861.5 6.53E-02 11861.5 0.2232556 11861.5 6.20E-02
11862.0 0.09491255 11862.0 8.94E-02 11862.0 0.22964677 11862.0 6.82E-02
11862.5 0.11752677 11862.5 9.82E-02 11862.5 0.23337118 11862.5 7.31E-02
11863.0 0.14616549 11863.0 0.11563488 11863.0 0.29906734 11863.0 7.68E-02
11863.5 0.14990772 11863.5 0.13298171 11863.5 0.34691848 11863.5 9.36E-02
11864.0 0.20483904 11864.0 0.16747436 11864.0 0.36291655 11864.0 8.71E-02
High As smoke: 3 cigs, 
30 mins delay High As tobacco
KT209 tobacco control 
condensate on PTFE 
filter
KT209 control 
ashcondensate on 
PTFE filter
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11864.5 0.22131827 11864.5 0.19199538 11864.5 0.39810566 11864.5 0.13143769
11865.0 0.33540098 11865.0 0.25212091 11865.0 0.49854247 11865.0 0.15763643
11865.5 0.34706581 11865.5 0.30668561 11865.5 0.50361488 11865.5 0.20455805
11866.0 0.43232621 11866.0 0.45470839 11866.0 0.73436158 11866.0 0.21661103
11866.5 0.63801853 11866.5 0.55659072 11866.5 0.88321958 11866.5 0.29751374
11867.0 0.99849321 11867.0 0.80429642 11867.0 1.1280897 11867.0 0.34837485
11867.5 1.2538298 11867.5 1.0555436 11867.5 1.5157269 11867.5 0.43727775
11868.0 1.5993109 11868.0 1.4736275 11868.0 1.7319048 11868.0 0.51672938
11868.5 2.0161866 11868.5 1.8247463 11868.5 1.9509078 11868.5 0.58154004
11869.0 2.2730756 11869.0 2.2514328 11869.0 2.3866077 11869.0 0.73200815
11869.5 2.607774 11869.5 2.4807585 11869.5 2.7229182 11869.5 0.86678796
11870.0 2.7077874 11870.0 2.5788418 11870.0 2.4877458 11870.0 1.0088163
11870.5 2.4902591 11870.5 2.425751 11870.5 2.5351925 11870.5 1.1380058
11871.0 2.1566799 11871.0 2.1771246 11871.0 2.3140135 11871.0 1.2572721
11871.5 2.0813883 11871.5 2.0675182 11871.5 2.1793478 11871.5 1.4558303
11872.0 1.7244776 11872.0 1.8536217 11872.0 1.8080842 11872.0 1.7665957
11872.5 1.7331341 11872.5 1.7603625 11872.5 1.7138101 11872.5 2.1806824
11873.0 1.5798035 11873.0 1.8212986 11873.0 1.7616094 11873.0 2.6609797
11873.5 1.5315447 11873.5 1.7527411 11873.5 1.5534372 11873.5 2.9307461
11874.0 1.683637 11874.0 1.7788484 11874.0 1.4884104 11874.0 2.9656953
11874.5 1.5821807 11874.5 1.7954885 11874.5 1.4400222 11874.5 2.7468484
11875.0 1.4813837 11875.0 1.8922872 11875.0 1.4228867 11875.0 2.4533539
11875.5 1.4709682 11875.5 1.6842754 11875.5 1.5981562 11875.5 2.0996678
11876.0 1.4280745 11876.0 1.6318519 11876.0 1.5188175 11876.0 1.8551496
11876.5 1.3874558 11876.5 1.5822977 11876.5 1.5423575 11876.5 1.6962413
11877.0 1.3830444 11877.0 1.526293 11877.0 1.3946836 11877.0 1.6041165
11877.5 1.4372843 11877.5 1.4770423 11877.5 1.3562241 11877.5 1.5275074
11878.0 1.3699987 11878.0 1.4428129 11878.0 1.3594345 11878.0 1.453826
11878.5 1.4118598 11878.5 1.3662748 11878.5 1.3617048 11878.5 1.4047428
11879.0 1.2861921 11879.0 1.3429177 11879.0 1.2624713 11879.0 1.3779814
11879.5 1.352186 11879.5 1.2929288 11879.5 1.2292392 11879.5 1.3346476
11880.0 1.3747615 11880.0 1.2523474 11880.0 1.3010815 11880.0 1.2737683
11880.5 1.2364474 11880.5 1.2280135 11880.5 1.4221405 11880.5 1.2530421
11881.0 1.2263131 11881.0 1.2189175 11881.0 1.2847479 11881.0 1.2286267
11881.5 1.2423921 11881.5 1.2313731 11881.5 1.20305 11881.5 1.2291771
11882.0 1.2179743 11882.0 1.2313107 11882.0 1.1900512 11882.0 1.1915944
11882.5 1.1681019 11882.5 1.2268946 11882.5 1.2362418 11882.5 1.1939586
11883.0 1.3354069 11883.0 1.1991492 11883.0 1.150535 11883.0 1.2018914
11883.5 1.1964133 11883.5 1.1925407 11883.5 1.2055081 11883.5 1.1539955
11884.0 1.2270343 11884.0 1.1793479 11884.0 1.1197842 11884.0 1.1575003
11884.5 1.1809958 11884.5 1.2340246 11884.5 1.184365 11884.5 1.1517532
11885.0 1.1889224 11885.0 1.1347703 11885.0 1.1542014 11885.0 1.1661889
11885.5 1.1164224 11885.5 1.1431608 11885.5 1.103329 11885.5 1.1740639
11886.0 1.1576092 11886.0 1.1297089 11886.0 1.1433925 11886.0 1.2010356
11886.5 1.1587066 11886.5 1.1300637 11886.5 1.1598352 11886.5 1.2092649
11887.0 1.0331959 11887.0 1.124581 11887.0 1.2195286 11887.0 1.1964487
11887.5 1.0658787 11887.5 1.1092917 11887.5 1.0525434 11887.5 1.1869773
11888.0 1.1020828 11888.0 1.093136 11888.0 1.0807305 11888.0 1.1880164
11888.5 1.0356002 11888.5 1.0739092 11888.5 1.1119836 11888.5 1.1857
11889.0 1.0857744 11889.0 1.0848131 11889.0 1.0983577 11889.0 1.1578423
11889.5 1.062765 11889.5 1.073363 11889.5 1.0867292 11889.5 1.1580262
11890.0 1.0604915 11890.0 1.0479681 11890.0 1.0070975 11890.0 1.1813011
11890.5 1.0874733 11890.5 1.072098 11890.5 1.0414666 11890.5 1.1806505
11891.0 1.0412728 11891.0 1.0443577 11891.0 0.98800569 11891.0 1.1721048
11891.5 1.1867815 11891.5 1.0204704 11891.5 1.0244968 11891.5 1.1848569
11892.0 0.98631437 11892.0 1.0189264 11892.0 1.0906761 11892.0 1.1475389
11892.5 1.002902 11892.5 1.0062915 11892.5 1.017622 11892.5 1.1662461
11893.0 1.0300111 11893.0 1.0164861 11893.0 0.99772776 11893.0 1.1305888
11893.5 1.0085111 11893.5 0.99378135 11893.5 1.02704 11893.5 1.1486459
11894.0 1.0022832 11894.0 1.0182193 11894.0 0.93162488 11894.0 1.1142076
11894.5 0.95224196 11894.5 0.99127356 11894.5 0.99835634 11894.5 1.1311552
11895.0 0.9056771 11895.0 0.97362289 11895.0 1.0409953 11895.0 1.1084427
11895.5 0.9601359 11895.5 0.95357719 11895.5 1.071829 11895.5 1.1001089
11896.0 0.9218519 11896.0 0.96039035 11896.0 0.96833364 11896.0 1.0913182
11896.5 0.88678629 11896.5 0.98832703 11896.5 0.96006511 11896.5 1.076382
11897.0 0.89206042 11897.0 0.96448357 11897.0 1.0249599 11897.0 1.0450013
11897.5 0.96208175 11897.5 0.96091629 11897.5 0.98232081 11897.5 1.0502423
11898.0 0.91542928 11898.0 0.91075066 11898.0 1.0480656 11898.0 1.0262322
11898.5 0.9678283 11898.5 0.94346755 11898.5 0.92704039 11898.5 1.0254309
11899.0 0.9032802 11899.0 0.92946727 11899.0 0.97651161 11899.0 1.0094534
11899.5 0.92228258 11899.5 0.9083785 11899.5 1.00057 11899.5 0.97956952
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11900.0 0.95369577 11900.0 0.90945674 11900.0 0.96349713 11900.0 0.98489814
11900.5 0.93719594 11900.5 0.89209401 11900.5 0.9971636 11900.5 0.97927938
11901.0 0.85814042 11901.0 0.88550549 11901.0 0.92022638 11901.0 0.9530172
11901.5 0.93885914 11901.5 0.91526996 11901.5 0.97499698 11901.5 0.91840917
11902.0 0.91213058 11902.0 0.88560869 11902.0 0.87699232 11902.0 0.91319738
11902.5 0.93886698 11902.5 0.92310636 11902.5 0.92252606 11902.5 0.89758839
11903.0 0.85799519 11903.0 0.86655837 11903.0 0.89295317 11903.0 0.87996949
11903.5 0.88792936 11903.5 0.9166858 11903.5 0.93886363 11903.5 0.86501863
11904.0 0.89855805 11904.0 0.88789224 11904.0 0.90367129 11904.0 0.86305535
11904.5 0.85397786 11904.5 0.86124975 11904.5 0.90167062 11904.5 0.85403501
11905.0 0.93669048 11905.0 0.85554262 11905.0 0.88052321 11905.0 0.83292117
11905.5 0.90249791 11905.5 0.90905854 11905.5 0.92169228 11905.5 0.83034634
11906.0 0.87900866 11906.0 0.89360506 11906.0 0.84225862 11906.0 0.83417564
11906.5 0.94454727 11906.5 0.89678075 11906.5 0.87687591 11906.5 0.8323433
11907.0 0.92422097 11907.0 0.86476256 11907.0 0.91583934 11907.0 0.84813107
11908.0 0.90247605 11908.0 0.87093534 11908.0 0.88058808 11908.0 0.83621528
11909.0 0.93546821 11909.0 0.82860602 11909.0 0.88228094 11909.0 0.82217228
11910.0 0.9214901 11910.0 0.86638968 11910.0 0.86547242 11910.0 0.82995751
11911.0 0.97836704 11911.0 0.8974917 11911.0 0.88946628 11911.0 0.83159566
11912.0 0.97385451 11912.0 0.96101484 11912.0 0.89354185 11912.0 0.84455639
11913.0 0.88309534 11913.0 0.8748979 11913.0 0.94438133 11913.0 0.8346376
11914.0 0.94829741 11914.0 0.87818272 11914.0 0.95045539 11914.0 0.86407909
11915.0 0.9101198 11915.0 0.96640673 11915.0 0.84326802 11915.0 0.87464172
11916.0 0.96578997 11916.0 0.92867594 11916.0 0.9565115 11916.0 0.86651701
11917.0 0.92010392 11917.0 0.9390534 11917.0 0.97653757 11917.0 0.83981786
11918.0 0.96738402 11918.0 0.9476454 11918.0 1.017379 11918.0 0.87140128
11919.0 0.93762271 11919.0 1.0011566 11919.0 0.97114243 11919.0 0.89769658
11920.0 1.0031557 11920.0 0.97072722 11920.0 0.99270856 11920.0 0.8778047
11921.0 0.94967774 11921.0 0.97744792 11921.0 0.91295036 11921.0 0.87535069
11922.0 0.9259209 11922.0 0.97420076 11922.0 1.0352818 11922.0 0.90840842
11923.0 1.0211896 11923.0 0.990043 11923.0 1.0082708 11923.0 0.90560963
11924.0 1.0486392 11924.0 1.0202383 11924.0 0.97983844 11924.0 0.95362244
11925.0 0.9324665 11925.0 1.018043 11925.0 0.94133768 11925.0 0.92102674
11926.0 1.0261492 11926.0 1.032682 11926.0 1.0586192 11926.0 0.95379285
11927.0 0.95982695 11927.0 1.0331546 11927.0 0.98790567 11927.0 0.93613155
11928.0 1.0162169 11928.0 1.0391307 11928.0 0.96538448 11928.0 0.96596555
11929.0 1.0231629 11929.0 1.0314052 11929.0 1.0198822 11929.0 0.97668144
11930.0 0.96063016 11930.0 1.077026 11930.0 0.98530826 11930.0 0.96483045
11931.0 0.99827886 11931.0 1.0487261 11931.0 0.95166015 11931.0 0.97836603
11932.0 1.0208058 11932.0 1.0601434 11932.0 1.0157483 11932.0 0.95390152
11933.0 1.0883092 11933.0 1.0602327 11933.0 1.0495129 11933.0 0.94190967
11934.0 1.1221374 11934.0 1.0706075 11934.0 1.0228427 11934.0 0.97886412
11935.0 1.0009608 11935.0 1.0496657 11935.0 1.0534858 11935.0 1.0052441
11936.0 1.1111565 11936.0 1.0477986 11936.0 0.98423608 11936.0 1.0009113
11937.0 1.0411611 11937.0 1.0656621 11937.0 0.97450718 11937.0 1.0036006
11938.0 0.94252376 11938.0 1.0841805 11938.0 1.043183 11938.0 1.0018064
11939.0 1.0990024 11939.0 1.0884946 11939.0 0.96624526 11939.0 0.97524186
11940.0 1.1681072 11940.0 1.0513999 11940.0 1.0267411 11940.0 1.0298002
11941.0 1.0921934 11941.0 1.0564627 11941.0 1.0970806 11941.0 1.0175144
11942.0 1.0653531 11942.0 1.1291622 11942.0 1.0768006 11942.0 1.0101073
11943.0 0.98523352 11943.0 1.0448716 11943.0 1.0296668 11943.0 1.0245045
11944.0 0.99100234 11944.0 1.078537 11944.0 1.0068918 11944.0 1.0414518
11945.0 1.0280632 11945.0 1.0583388 11945.0 1.0650519 11945.0 1.0564266
11946.0 1.1307416 11946.0 1.0808195 11946.0 0.98382956 11946.0 1.066839
11947.0 1.0454266 11947.0 1.0433808 11947.0 1.0240073 11947.0 1.0797855
11948.0 1.0533125 11948.0 1.0213191 11948.0 1.0715132 11948.0 1.0502175
11949.0 0.99151751 11949.0 1.0304107 11949.0 0.99494189 11949.0 1.0704827
11950.0 0.99254564 11950.0 1.1239228 11950.0 1.0724301 11950.0 1.0430042
11951.0 1.0603278 11951.0 1.0398954 11951.0 0.9841895 11951.0 1.0619237
11952.0 1.0647075 11952.0 1.0247537 11952.0 1.020959 11952.0 1.0470832
11953.0 1.0823397 11953.0 1.0444124 11953.0 1.0481981 11953.0 1.0577403
11954.0 1.0139654 11954.0 1.0402962 11954.0 1.0512045 11954.0 1.0751948
11955.0 0.97502523 11955.0 1.0359525 11955.0 0.96924514 11955.0 1.0673026
11956.0 1.0158503 11956.0 1.0239877 11956.0 1.013499 11956.0 1.0308804
11957.0 1.0536988 11957.0 1.0191589 11957.0 1.0089031 11957.0 1.0871964
11958.0 0.97908115 11958.0 1.0301976 11958.0 1.0012088 11958.0 1.0660751
11959.0 1.0364122 11959.0 1.0404126 11959.0 0.96313528 11959.0 1.0933623
11960.0 0.90729136 11960.0 1.0082539 11960.0 0.90607425 11960.0 1.0700841
11961.0 0.9564007 11961.0 1.0188468 11961.0 0.9490688 11961.0 1.0635296
11962.0 1.014359 11962.0 1.075135 11962.0 1.0265158 11962.0 1.0841202
11963.0 1.0397505 11963.0 1.0084559 11963.0 1.022035 11963.0 1.0864829
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11964.0 0.96627549 11964.0 1.0161539 11964.0 1.0422589 11964.0 1.0592926
11965.0 0.97123781 11965.0 0.99547422 11965.0 0.97680644 11965.0 1.0693376
11966.0 0.95534485 11966.0 1.0513889 11966.0 1.0330234 11966.0 1.0764253
11967.0 0.93917335 11967.0 1.0338567 11967.0 1.0398879 11967.0 1.072014
11968.0 0.89423095 11968.0 1.0093518 11968.0 0.97505166 11968.0 1.0862912
11969.0 1.0288777 11969.0 0.98911028 11969.0 1.0493659 11969.0 1.085703
11970.0 0.99957788 11970.0 1.0140714 11970.0 0.92526356 11970.0 1.0728902
11971.0 1.0225659 11971.0 0.99074696 11971.0 0.98620064 11971.0 1.0691733
11972.0 1.0145561 11972.0 0.97167044 11972.0 0.99732865 11972.0 1.036152
11973.0 1.0032223 11973.0 1.0167347 11973.0 0.92681791 11973.0 1.0729698
11974.0 0.97811226 11974.0 0.98101089 11974.0 0.97380677 11974.0 1.0281916
11975.0 0.95273319 11975.0 0.98861465 11975.0 0.96055994 11975.0 1.0546349
11976.0 1.0720357 11976.0 1.0046403 11976.0 0.96128233 11976.0 1.009912
11977.0 1.0617781 11977.0 0.99386008 11977.0 1.0055917 11977.0 1.0291562
11978.0 0.99182411 11978.0 0.99463658 11978.0 1.0640863 11978.0 1.0413451
11979.0 1.0487187 11979.0 0.97147857 11979.0 0.98585022 11979.0 1.0121834
11980.0 0.96289806 11980.0 0.99093469 11980.0 1.0542621 11980.0 1.034406
11981.0 0.97701771 11981.0 0.98702903 11981.0 1.0370892 11981.0 1.0050167
11982.0 0.94897495 11982.0 0.9698318 11982.0 0.98204854 11982.0 0.97794188
11983.0 1.0228811 11983.0 0.96133871 11983.0 1.010855 11983.0 0.98789807
11984.0 0.94924978 11984.0 0.98118401 11984.0 0.92386071 11984.0 0.99105718
11985.0 1.0914131 11985.0 1.0106791 11985.0 1.0260354 11985.0 0.99448591
11986.0 1.0649848 11986.0 0.98877956 11986.0 0.95775843 11986.0 0.99944158
11987.0 0.98074016 11987.0 0.99799266 11987.0 1.0515681 11987.0 0.97744071
11988.0 0.99620538 11988.0 0.9915837 11988.0 1.0489462 11988.0 0.98076416
11989.0 0.9603948 11989.0 0.97439216 11989.0 0.98391927 11989.0 0.99038253
11990.0 1.063048 11990.0 0.97763399 11990.0 1.0544492 11990.0 0.99724516
11991.0 0.90671202 11991.0 0.98006339 11991.0 0.981466 11991.0 0.98626452
11992.0 0.96761927 11992.0 0.95383555 11992.0 0.96302145 11992.0 0.99703971
11993.0 1.010535 11993.0 1.0032064 11993.0 0.95038239 11993.0 0.99250116
11994.0 1.0333529 11994.0 0.96165752 11994.0 1.0711196 11994.0 0.96054839
11995.0 1.1162541 11995.0 1.0001778 11995.0 1.0073854 11995.0 0.96806101
11996.0 1.0463232 11996.0 0.98533586 11996.0 0.96210403 11996.0 0.9873905
11997.0 0.90988062 11997.0 0.99875353 11997.0 0.93684649 11997.0 0.97971503
11998.0 1.112611 11998.0 0.96853301 11998.0 1.0236892 11998.0 0.94925667
11999.0 0.99833469 11999.0 0.97255527 11999.0 1.0587384 11999.0 0.96990427
12000.0 0.99923418 12000.0 0.98947858 12000.0 1.0077734 12000.0 0.95205714
12001.0 1.0633753 12001.0 0.9744644 12001.0 0.99282519 12001.0 0.93308302
12002.0 1.0241791 12002.0 0.99101772 12002.0 1.0643575 12002.0 0.96523126
12003.0 0.86442289 12003.0 0.9798252 12003.0 1.0522039 12003.0 0.94085953
12004.0 0.94599243 12004.0 0.97705834 12004.0 1.0483027 12004.0 0.93864987
12005.0 0.97354216 12005.0 0.98480721 12005.0 1.0433495 12005.0 0.94877042
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Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
5838.8 0.11621629 5838.8 -0.48309315 5838.8 0.25325135 5838.8 0.96337654 5838.8 -0.18505945
5844.3 0.08347922 5844.3 -0.34575466 5844.3 0.16472441 5844.3 0.59139633 5844.3 -0.11041523
5849.8 0.05365157 5849.8 -0.21685888 5849.8 0.08635577 5849.8 0.32656868 5849.8 -0.04710877
5855.4 0.02278212 5855.4 -0.07216324 5855.4 0.03377101 5855.4 0.15679164 5855.4 -0.00967024
5860.9 0.00322227 5860.9 0.05532759 5860.9 -0.02125325 5860.9 0.03010868 5860.9 0.05976438
5866.5 -0.00981213 5866.5 0.19931462 5866.5 -0.04624221 5866.5 -0.07572387 5866.5 0.08435271
5872.1 -0.02644244 5872.1 0.40912739 5872.1 -0.06674894 5872.1 -0.12040163 5872.1 0.12726584
5883.3 -0.05167855 5883.3 0.97748431 5883.3 -0.09825728 5883.3 -0.20635161 5883.3 0.16795897
5894.5 -0.04843343 5894.5 2.90984741 5894.5 -0.08322162 5894.5 -0.18658859 5894.5 0.19524797
5900.2 -0.05235189 5900.2 488.249622 5900.2 -0.08533771 5900.2 -0.20204073 5900.2 0.21999714
5905.8 -0.05892462 5905.8 -3.51821087 5905.8 -0.08298999 5905.8 -0.18600503 5905.8 0.19984844
5911.5 -0.05356322 5934.3 -0.30898177 5911.5 -0.07813302 5911.5 -0.17261609 5934.3 -0.0324499
5917.2 -0.05177752 5940.0 -0.22906662 5917.2 -0.06061651 5917.2 -0.15234109 5940.0 -0.4512828
5922.9 -0.02606149 5945.7 -0.13803583 5922.9 -0.02452778 5922.9 -0.09520204 5945.7 -1.42214429
5928.6 -0.04054275 5951.5 -0.02132217 5928.6 -0.04251087 5928.6 -0.11531418 5951.5 -68.675574
5934.3 -0.03517448 5957.2 0.04362498 5934.3 -0.02384587 5934.3 -0.08973057 5957.2 2.65584013
5940.0 -0.02872759 5967.0 0.15080533 5940.0 -0.00872688 5940.0 -0.06860368 5967.0 1.50634223
5945.7 -0.01714469 5967.6 0.1481135 5945.7 0.01633612 5945.7 -0.03565706 5967.5 1.50541254
5951.5 -0.0121633 5968.1 0.15963072 5951.5 0.03195135 5951.5 -0.00921247 5968.0 1.53225395
5957.2 0.00013883 5968.6 0.15515311 5957.2 0.04787066 5957.2 0.01065598 5968.5 1.50440094
5967.0 0.01782647 5969.1 0.17230594 5967.0 0.08233543 5967.0 0.05966845 5969.0 1.46372798
5967.6 0.01860339 5969.6 0.15544599 5967.6 0.07985277 5967.6 0.06146423 5969.5 1.43922343
5968.1 0.01702344 5970.1 0.18270392 5968.1 0.08301728 5968.1 0.05781387 5970.0 1.38667014
5968.6 0.01870634 5970.6 0.19156941 5968.6 0.08845759 5968.6 0.06668705 5970.5 1.51938156
5969.1 0.02271498 5978.9 0.23322245 5969.1 0.08859968 5969.1 0.07010484 5978.5 1.18113111
5969.6 0.01939465 5979.4 0.24017116 5969.6 0.09437457 5969.6 0.06941837 5978.9 1.18959546
5970.1 0.02450284 5979.9 0.22297793 5970.1 0.09730902 5970.1 0.07496659 5979.4 1.1588324
5970.6 0.02379837 5980.4 0.23138411 5970.6 0.09080558 5970.6 0.0798574 5979.9 1.2678083
5977.8 0.03798928 5980.9 0.2517147 5978.4 0.11934872 5977.8 0.10593939 5980.4 1.12103866
5978.4 0.0394158 5981.5 0.24067775 5978.9 0.11790116 5978.4 0.10566688 5980.9 1.14327817
5978.9 0.04122853 5982.0 0.24420694 5979.4 0.11798703 5978.9 0.10277562 5981.4 1.14907217
5979.4 0.04057519 5982.5 0.25103433 5979.9 0.11925917 5979.4 0.10486518 5981.9 1.15841095
5979.9 0.0412653 5983.0 0.26814849 5980.4 0.1203294 5979.9 0.10858416 5982.4 1.09090209
5980.4 0.03641101 5983.5 0.26690892 5980.9 0.12339821 5980.4 0.1084845 5982.9 1.13670681
5980.9 0.03995395 5984.0 0.28674776 5981.5 0.12826783 5980.9 0.1049964 5983.4 1.09938025
5981.5 0.03949487 5984.5 0.29829584 5982.0 0.12755699 5981.5 0.10836603 5983.9 1.20966941
5982.0 0.04304152 5985.1 0.32708791 5982.5 0.12708126 5982.0 0.1184931 5987.9 1.3837875
5982.5 0.04404747 5985.6 0.39088806 5983.0 0.13344154 5982.5 0.11514905 5988.4 1.23590508
5983.0 0.05139581 5987.1 0.65366402 5983.5 0.13626035 5983.0 0.11878889 5988.9 1.14647193
5983.5 0.05119015 5987.6 0.51488565 5984.0 0.13858637 5983.5 0.1203003 5989.4 1.17371083
5984.0 0.05474734 5988.2 0.46550621 5988.2 0.19968058 5984.0 0.1280987 5989.9 1.1483795
5988.2 0.10041236 5988.7 0.4736672 5988.7 0.19599218 5988.2 0.19682384 5990.4 1.1032204
5988.7 0.10048099 5989.2 0.49934106 5989.2 0.20480196 5988.7 0.18465434 5990.9 1.08028638
5989.2 0.10774532 5989.7 0.50880763 5989.7 0.2113555 5989.2 0.19043191 5991.4 1.11597427
5989.7 0.12518344 5990.2 0.51277148 5990.2 0.21821852 5989.7 0.20338548 5991.9 1.12939652
5990.2 0.12293027 5990.8 0.53312239 5990.8 0.21345515 5990.2 0.1968586 5992.4 1.14513781
5990.8 0.11871711 5991.3 0.53984934 5991.3 0.21928999 5990.8 0.19619446 5992.9 1.13659476
5991.3 0.12743892 5991.8 0.54999214 5991.8 0.22287122 5991.3 0.19554615 5993.4 1.11283011
5991.8 0.13611854 5992.3 0.57618197 5992.3 0.22756331 5991.8 0.21620093 5993.9 1.11876609
5992.3 0.13812359 5992.8 0.561272 5992.8 0.23499955 5992.3 0.23161278 5994.4 1.1451948
5992.8 0.14101208 5993.3 0.55938302 5993.3 0.23335914 5992.8 0.23112409 5994.9 1.06797019
5993.3 0.14810005 5993.9 0.57185754 5993.9 0.2379687 5993.3 0.22286619 5995.4 1.06590768
5993.9 0.15288168 5994.4 0.59101645 5994.4 0.24149679 5993.9 0.21874834 5995.9 1.05084591
5994.4 0.16669831 5994.9 0.59982465 5994.9 0.25299047 5994.4 0.22180996 5996.4 1.07708888
5994.9 0.17974719 5995.4 0.62030406 5995.4 0.26931834 5994.9 0.23334125 5996.9 1.07855806
5995.4 0.20115219 5995.9 0.64342276 5995.9 0.29186767 5995.4 0.25004602 5997.4 1.11250443
5995.9 0.22007753 5996.5 0.66019721 5996.5 0.3166721 5995.9 0.26630863 5997.9 1.07962263
5996.5 0.25207467 5997.0 0.67433953 5997.0 0.34417021 5996.5 0.29332864 5998.4 1.09344152
5997.0 0.28466942 5997.5 0.71031139 5997.5 0.37353626 5997.0 0.32509581 5998.9 1.10514112
5997.5 0.32880348 5998.0 0.73837636 5998.0 0.41403163 5997.5 0.36739117 5999.4 1.09656273
5998.0 0.37245691 5998.5 0.75943886 5998.5 0.46130246 5998.0 0.40409281 5999.9 1.08315048
5998.5 0.4174656 5999.0 0.78937934 5999.0 0.50936448 5998.5 0.4471287 6000.4 1.08042606
5999.0 0.46407714 5999.6 0.81971433 5999.6 0.55413052 5999.0 0.49148787 6000.9 1.06597231
5999.6 0.51980109 6000.1 0.84406097 6000.1 0.59642168 5999.6 0.53075741 6001.4 1.08485201
6000.1 0.56343577 6000.6 0.86434345 6000.6 0.63311536 6000.1 0.57335415 6001.9 1.07753316
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6000.6 0.61658351 6001.1 0.87652516 6001.1 0.67868543 6000.6 0.61988135 6002.4 1.08070502
6001.1 0.66567269 6001.6 0.91507361 6001.6 0.73201612 6001.1 0.6822952 6002.9 1.10485539
6001.6 0.71601786 6002.2 0.94142487 6002.2 0.78104796 6001.6 0.73639428 6003.4 1.06809948
6002.2 0.76365862 6002.7 0.95743301 6002.7 0.83959921 6002.2 0.79884176 6003.9 1.05943324
6002.7 0.80448694 6003.2 0.97520643 6003.2 0.88785481 6002.7 0.8593819 6004.4 1.06728989
6003.2 0.82944382 6003.7 0.99327024 6003.7 0.93364442 6003.2 0.91968613 6004.9 1.08771436
6003.7 0.85397171 6004.2 1.00875223 6004.2 0.96238341 6003.7 0.98070258 6005.4 1.08182011
6004.2 0.88120146 6004.8 1.02820926 6004.8 0.98687046 6004.2 1.04301865 6005.9 1.0539562
6004.8 0.90117807 6005.3 1.05725527 6005.3 1.01187882 6004.8 1.10731049 6006.4 1.07055456
6005.3 0.93928087 6005.8 1.05770483 6005.8 1.05262107 6005.3 1.15433887 6006.9 1.07459107
6005.8 0.99896708 6006.3 1.07284036 6006.3 1.12243407 6005.8 1.193462 6007.4 1.08786155
6006.3 1.07926226 6006.8 1.0774762 6006.8 1.21125209 6006.3 1.22184582 6007.9 1.06214915
6006.8 1.18110658 6007.4 1.09325857 6007.4 1.29772032 6006.8 1.2420226 6008.4 1.03883157
6007.4 1.29034488 6007.9 1.08490972 6007.9 1.36493229 6007.4 1.25567723 6008.9 1.06839907
6007.9 1.38469037 6008.4 1.09878294 6008.4 1.41236999 6007.9 1.25588223 6009.4 1.04036873
6008.4 1.44594252 6008.9 1.08781226 6008.9 1.42234751 6008.4 1.26116909 6009.9 1.08675572
6008.9 1.46058927 6009.4 1.0844157 6009.4 1.39568537 6008.9 1.25572908 6010.4 1.05332456
6009.4 1.44320541 6010.0 1.07174796 6010.0 1.35354163 6009.4 1.25566971 6010.9 1.05925397
6010.0 1.382288 6010.5 1.06651934 6010.5 1.2943226 6010.0 1.24160826 6011.4 1.04850639
6010.5 1.30528728 6011.0 1.06208025 6011.0 1.23727078 6010.5 1.24350609 6011.9 1.05881334
6011.0 1.23018159 6011.5 1.03898012 6011.5 1.1744505 6011.0 1.23270137 6012.4 1.04818711
6011.5 1.15224729 6012.1 1.03812951 6012.1 1.13361207 6011.5 1.21844334 6012.9 1.05019892
6012.1 1.09340565 6012.6 1.02455301 6012.6 1.09272184 6012.1 1.20499845 6013.4 1.05671852
6012.6 1.03721518 6013.1 1.02260921 6013.1 1.05955465 6012.6 1.20496492 6014.0 1.06320264
6013.1 1.00014712 6013.6 1.0075039 6013.6 1.03009566 6013.1 1.19842032 6014.5 1.03257922
6013.6 0.96805237 6014.1 1.02961714 6014.1 1.01561057 6013.6 1.18833098 6015.0 1.0443228
6014.1 0.95561952 6014.7 1.01736754 6014.7 1.00508994 6014.1 1.18352448 6015.5 1.035244
6014.7 0.94846127 6015.2 1.01134298 6015.2 0.99910941 6014.7 1.17871333 6016.0 1.03230821
6015.2 0.94776467 6015.7 1.02061654 6015.7 1.00354085 6015.2 1.17100253 6016.5 1.05074425
6015.7 0.94987351 6016.2 1.01974867 6016.2 1.00609713 6015.7 1.17095765 6017.0 1.00130078
6016.2 0.96278 6016.7 1.00576528 6016.7 1.01223314 6016.2 1.16705183 6017.5 1.03130463
6016.7 0.96882897 6017.3 1.01511746 6017.3 1.02394048 6016.7 1.16066408 6018.0 1.02672008
6017.3 0.98546232 6017.8 1.02344829 6017.8 1.03599755 6017.3 1.15778095 6018.5 1.04335199
6017.8 1.00337714 6018.3 1.01961407 6018.3 1.05565996 6017.8 1.14895968 6019.0 1.01649913
6018.3 1.01678626 6018.8 1.02598318 6018.8 1.06288331 6018.3 1.14561316 6019.5 1.03610217
6018.8 1.03855931 6019.4 1.02173144 6019.4 1.07689716 6018.8 1.14103993 6020.0 1.01537063
6019.4 1.05237098 6019.9 1.02896751 6019.9 1.09155448 6019.4 1.13771109 6020.5 1.03371664
6019.9 1.06397334 6020.4 1.03463653 6020.4 1.10085 6019.9 1.13792925 6021.0 1.03439217
6020.4 1.0817023 6020.9 1.01934949 6020.9 1.10905791 6020.4 1.13203428 6021.5 1.04217403
6020.9 1.08823565 6021.5 1.02244455 6021.5 1.11784948 6020.9 1.12910205 6022.0 1.04687989
6021.5 1.10006585 6022.0 1.01996971 6022.0 1.12079232 6021.5 1.12508595 6022.5 1.02468294
6022.0 1.10497214 6022.5 1.02718978 6022.5 1.12018458 6022.0 1.11528629 6023.0 1.05270487
6022.5 1.10051718 6023.0 1.03418777 6023.0 1.12550495 6022.5 1.10489264 6024.0 1.02640229
6023.0 1.10929657 6024.0 1.01844956 6024.0 1.10048992 6023.0 1.10633301 6024.9 1.04483658
6024.0 1.08216379 6024.9 1.02302929 6024.9 1.08099231 6024.0 1.08808754 6025.8 1.03785732
6024.9 1.05745128 6025.8 1.01821608 6025.8 1.054777 6024.9 1.07287451 6026.8 1.00186745
6025.8 1.02964996 6026.8 1.0177007 6026.8 1.02199256 6025.8 1.05070897 6027.8 0.997774
6026.8 0.99287113 6027.8 1.02536784 6027.8 0.98439812 6026.8 1.02518144 6028.7 1.00873876
6027.8 0.95915134 6028.7 1.01859807 6028.7 0.95076958 6027.8 1.00487315 6029.7 1.00336701
6028.7 0.92668033 6029.7 1.01766634 6029.7 0.923001 6028.7 0.98115897 6030.7 1.0078119
6029.7 0.89383863 6030.7 1.02163191 6030.7 0.9065889 6029.7 0.96573593 6031.8 1.01001997
6030.7 0.87320471 6031.8 1.01810137 6031.8 0.89911614 6030.7 0.94315177 6032.8 1.00147585
6031.8 0.85815014 6032.8 1.02301929 6032.8 0.88479664 6031.8 0.92526141 6033.8 1.00084954
6032.8 0.84774618 6033.8 1.02861438 6033.8 0.88196115 6032.8 0.91748762 6034.9 1.02568902
6033.8 0.84054167 6034.9 1.01882487 6034.9 0.87369068 6033.8 0.90348429 6036.0 0.99402191
6034.9 0.83545693 6036.0 1.00286106 6036.0 0.87185414 6034.9 0.8888269 6037.0 1.03013701
6036.0 0.82631727 6037.0 1.01100451 6037.0 0.86575079 6036.0 0.88477945 6038.1 1.00273444
6037.0 0.81870867 6038.1 1.01508787 6038.1 0.86073539 6037.0 0.88318077 6039.2 1.00675272
6038.1 0.8227119 6039.2 1.01379839 6039.2 0.86385848 6038.1 0.88687211 6040.3 1.0353782
6039.2 0.82217206 6040.3 1.01398664 6040.3 0.87094712 6039.2 0.88536148 6041.5 1.00495242
6040.3 0.83110915 6041.5 1.00936759 6041.5 0.88024373 6040.3 0.89187651 6042.6 0.97527169
6041.5 0.83930695 6042.6 1.00132339 6042.6 0.88661569 6041.5 0.90355405 6043.8 1.00882414
6042.6 0.84460687 6043.8 0.99870661 6043.8 0.89508511 6042.6 0.91805354 6044.9 1.00004324
6043.8 0.85404683 6044.9 0.99511561 6044.9 0.9079404 6043.8 0.92458611 6046.1 1.00869407
6044.9 0.8663869 6046.1 0.98742442 6046.1 0.91515131 6044.9 0.93450769 6047.3 0.99054408
6046.1 0.87993081 6047.3 0.98754661 6047.3 0.92036684 6046.1 0.93979302 6048.5 0.99339589
6047.3 0.88583831 6048.5 0.98827095 6048.5 0.9293342 6047.3 0.94895915 6049.7 1.00453518
6048.5 0.90487957 6049.7 0.99278558 6049.7 0.94266793 6048.5 0.9595655 6050.9 1.00436196
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6049.7 0.9217618 6050.9 0.98099628 6050.9 0.95066105 6049.7 0.96594956 6052.2 0.98701883
6050.9 0.93743809 6052.2 0.98539035 6052.2 0.96133231 6050.9 0.97324613 6053.4 1.00576814
6052.2 0.95460556 6053.4 0.99179681 6053.4 0.96605488 6052.2 0.9852441 6054.7 0.99142159
6053.4 0.96054542 6054.7 0.98975303 6054.7 0.97350737 6053.4 0.99053805 6056.0 1.01060304
6054.7 0.96738544 6056.0 0.9805462 6056.0 0.98500273 6054.7 0.99780417 6057.2 1.01130021
6056.0 0.97905554 6057.2 0.97921672 6057.2 0.98998608 6056.0 1.00564014 6058.5 1.00918656
6057.2 0.98947642 6058.5 0.98357453 6058.5 1.00377363 6057.2 1.00775335 6059.8 1.006769
6058.5 1.00119334 6059.8 0.9849941 6059.8 1.01198048 6058.5 1.01344495 6061.2 1.01230622
6059.8 1.01909229 6061.2 0.97913687 6061.2 1.02147889 6059.8 1.02115225 6062.5 0.99525167
6061.2 1.0338745 6062.5 0.98550618 6062.5 1.02541068 6061.2 1.02444994 6063.9 1.00324579
6062.5 1.03846544 6063.9 0.99035962 6063.9 1.0323657 6062.5 1.02512218 6065.2 0.99962973
6063.9 1.04067297 6065.2 1.00062229 6065.2 1.02882003 6063.9 1.03251987 6066.6 1.01949039
6065.2 1.03869476 6066.6 0.98931404 6066.6 1.0256665 6065.2 1.03739167 6068.0 0.9940542
6066.6 1.03719909 6068.0 0.99733601 6068.0 1.02752204 6066.6 1.03910553 6069.4 0.99821249
6068.0 1.03082601 6069.4 0.99448395 6069.4 1.0293196 6068.0 1.04060949 6070.8 1.00030428
6069.4 1.02337652 6070.8 1.00326759 6070.8 1.0267323 6069.4 1.041323 6072.2 0.99239455
6070.8 1.02212246 6072.2 1.0073265 6072.2 1.02781485 6070.8 1.04494233 6073.6 0.99486006
6072.2 1.01187809 6073.6 1.00702968 6073.6 1.02803707 6072.2 1.04551952 6075.1 1.00017438
6073.6 1.01163695 6075.1 1.01022254 6075.1 1.02709452 6073.6 1.04760022 6076.5 1.0023841
6075.1 1.01232236 6076.5 1.00413998 6076.5 1.03145551 6075.1 1.0486345 6078.0 1.00126111
6076.5 1.00930801 6078.0 1.0065822 6078.0 1.02721181 6076.5 1.05044746 6079.5 0.99528274
6078.0 1.01483426 6079.5 1.00186634 6079.5 1.02430781 6078.0 1.04453713 6081.0 0.98776972
6079.5 1.01139331 6081.0 1.00193767 6081.0 1.01980542 6079.5 1.04465034 6082.5 0.99572465
6081.0 1.00917245 6082.5 1.00398112 6082.5 1.01501712 6081.0 1.04094768 6084.0 0.99647727
6082.5 1.00734531 6084.0 0.99210235 6084.0 1.01231165 6082.5 1.03704421 6085.5 1.00020945
6084.0 1.00139376 6085.5 1.002052 6085.5 1.00605772 6084.0 1.03171223 6087.1 0.99469531
6085.5 1.00476995 6087.1 0.99670943 6087.1 1.00265839 6085.5 1.02802973 6088.6 1.00321143
6087.1 1.00066316 6088.6 1.00504665 6088.6 1.001322 6087.1 1.0219555 6090.2 1.00079707
6088.6 1.00024443 6090.2 1.00822529 6090.2 0.99969948 6088.6 1.01478826 6091.8 0.99288156
6090.2 1.00090095 6091.8 1.01245567 6091.8 1.00196451 6090.2 1.01140945 6093.4 0.99862705
6091.8 0.99863978 6093.4 1.01717527 6093.4 0.99655843 6091.8 1.00852905 6095.0 1.00050782
6093.4 0.99936867 6095.0 1.01651742 6095.0 0.99778646 6093.4 1.00335242 6096.6 0.99633539
6095.0 0.99942032 6096.6 1.01661925 6096.6 0.99866979 6095.0 1.00248043 6098.2 1.00168305
6096.6 0.99773318 6098.2 1.01694948 6098.2 0.99907934 6096.6 0.99912281 6099.8 0.99771818
6098.2 0.99674759 6099.8 1.02009633 6099.8 0.99940093 6098.2 0.99688427 6101.5 0.99753624
6099.8 0.99483657 6101.5 1.01566733 6101.5 0.9997245 6099.8 0.99601895 6103.2 1.00185957
6101.5 1.0004073 6103.2 1.01044741 6103.2 1.00181782 6101.5 0.99529623 6104.8 1.00354622
6103.2 0.99812412 6104.8 1.00401992 6104.8 1.0016202 6103.2 0.99420801 6106.5 1.00106415
6104.8 1.0010938 6106.5 1.00421624 6106.5 1.00343982 6104.8 0.99346436 6108.2 0.99901181
6106.5 1.00500481 6108.2 0.99748377 6108.2 1.00228288 6106.5 0.99334807 6109.9 0.99917967
6108.2 1.00383553 6109.9 0.99434305 6109.9 0.99950211 6108.2 0.9957227 6111.7 0.9982027
6109.9 1.00402852 6111.7 0.98811248 6111.7 1.00228543 6109.9 0.99520486 6113.4 1.00394545
6111.7 1.00388409 6113.4 0.98624643 6113.4 1.00051859 6111.7 0.99913878 6115.2 1.0066817
6113.4 1.00401995 6115.2 0.98630253 6115.2 1.00061326 6113.4 0.99784584 6116.9 0.99759641
6115.2 1.00216136 6116.9 0.98532724 6116.9 1.00013484 6115.2 0.99847487 6118.7 1.00138798
6116.9 1.00295718 6118.7 0.98927041 6118.7 0.99972537 6116.9 1.00169427 6120.5 0.99617054
6118.7 1.00030345 6120.5 0.99013733 6120.5 0.99863534 6118.7 1.00257503 6122.3 1.00495252
6120.5 0.99748664 6122.3 0.99562134 6122.3 1.00001285 6120.5 1.00382831 6124.1 1.00143733
6122.3 0.99735681 6124.1 0.99387087 6124.1 0.99651497 6122.3 1.00521351
6124.1 0.99168239 6124.1 1.00628959
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5838.8 0.13979124 5838.8 -0.25417116 5838.8 0.38361369 5838.8 -2.87585459 5838.8 -0.15500885
5844.3 0.07975532 5844.3 -0.17244818 5844.3 0.22733322 5844.3 -4.7282352 5844.3 0.08392796
5849.8 0.03578 5849.8 -0.10538751 5849.8 0.08677762 5849.8 7.46596721 5849.8 0.1589799
5855.4 0.01956905 5855.4 0.00151588 5855.4 0.05642439 5855.4 0.70491216 5855.4 0.14925804
5860.9 -0.00836903 5860.9 0.08371089 5860.9 -0.04165301 5860.9 -0.18318623 5860.9 -0.01587904
5866.5 -0.03155933 5866.5 0.12815769 5866.5 -0.03863819 5866.5 -0.25650816 5866.5 -0.42569987
5872.1 -0.03780762 5872.1 0.21338672 5872.1 -0.07876728 5872.1 -0.36545878 5872.1 -2.5299256
5883.3 -0.05257275 5883.3 0.44453613 5883.3 -0.11881342 5883.3 -0.49202188 5883.3 2.18338078
5894.5 -0.03744213 5894.5 0.64754466 5894.5 -0.10917455 5894.5 -0.32706192 5894.5 1.43376766
5900.2 -0.04849475 5900.2 1.77661115 5900.2 -0.10244915 5900.2 -0.26449835 5900.2 1.29614933
5905.8 -0.05074564 5905.8 14.5881716 5905.8 -0.08870164 5905.8 -0.2605054 5905.8 1.24341856
5911.5 -0.04919787 5911.5 -1.26371835 5911.5 -0.09585078 5911.5 -0.26074482 5934.3 1.10742686
5917.2 -0.04103742 5917.2 -0.52135952 5917.2 -0.08079284 5917.2 -0.20601377 5940.0 1.08896112
5922.9 -0.02370983 5922.9 0.24009176 5922.9 0.000964 5922.9 -0.00805778 5945.7 1.07810573
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5928.6 -0.02525291 5928.6 -0.08993187 5928.6 -0.04976132 5928.6 -0.08121157 5951.5 1.06865506
5934.3 -0.01584032 5934.3 0.12641499 5934.3 -0.03637869 5934.3 -0.05422444 5957.2 1.06193204
5940.0 -0.00738729 5940.0 0.15403285 5940.0 -0.00791746 5940.0 -0.03247836 5967.0 1.04697831
5945.7 0.00524529 5945.7 0.22523772 5945.7 0.00377303 5945.7 0.02591946 5967.5 1.04847559
5951.5 0.02375475 5951.5 0.287479 5951.5 0.03377812 5951.5 0.07382873 5968.0 1.0492979
5957.2 0.02715993 5957.2 0.34090251 5957.2 0.05095174 5957.2 0.09625641 5968.5 1.04921828
5967.0 0.05513552 5967.0 0.41159595 5967.0 0.09785927 5967.0 0.15364028 5969.0 1.04907613
5967.5 0.06091814 5967.6 0.40537497 5967.6 0.08660994 5967.5 0.16892169 5969.5 1.0499586
5968.0 0.05711947 5968.1 0.40777542 5968.1 0.09003816 5968.0 0.18207994 5970.0 1.05019752
5968.5 0.05392757 5968.6 0.41867805 5968.6 0.10064761 5968.5 0.18157131 5970.5 1.0478196
5969.0 0.05426233 5969.1 0.4390266 5969.1 0.09613013 5969.0 0.20590088 5971.0 1.04856941
5969.5 0.05563338 5969.6 0.43033425 5969.6 0.09733969 5969.5 0.20703504 5978.5 1.03691572
5970.0 0.05610025 5970.1 0.42792324 5970.1 0.11378369 5970.0 0.20003202 5978.9 1.03815722
5970.5 0.05849105 5970.6 0.44531896 5970.6 0.10241307 5970.5 0.20628396 5979.4 1.03913147
5971.0 0.05952567 5978.4 0.48057615 5978.4 0.11964765 5971.0 0.20387491 5979.9 1.0382177
5978.5 0.07659804 5978.9 0.46893199 5978.9 0.12030585 5978.5 0.24519228 5980.4 1.03824394
5978.9 0.07581044 5979.4 0.45266971 5979.4 0.12869909 5978.9 0.23558834 5980.9 1.03658423
5979.4 0.07697053 5979.9 0.4554928 5979.9 0.12077816 5979.4 0.22378363 5981.4 1.03521913
5979.9 0.07235099 5980.4 0.46089538 5980.4 0.12375786 5979.9 0.23185954 5981.9 1.0347283
5980.4 0.07232247 5980.9 0.45472711 5980.9 0.12426705 5980.4 0.2287678 5982.4 1.03563714
5980.9 0.07656758 5981.5 0.43793618 5981.5 0.12641708 5980.9 0.24358585 5982.9 1.0358131
5981.4 0.08894812 5982.0 0.4620019 5982.0 0.1298281 5981.4 0.23832918 5983.4 1.03560843
5981.9 0.09665163 5982.5 0.46687054 5982.5 0.13780313 5981.9 0.2309258 5983.9 1.03924503
5982.4 0.08551966 5983.0 0.46797158 5983.0 0.13767174 5982.4 0.24662715 5984.4 1.0402646
5982.9 0.08456113 5983.5 0.47678371 5983.5 0.14628585 5982.9 0.25375681 5984.9 1.03981723
5983.4 0.08002727 5984.0 0.4817812 5984.0 0.15338259 5983.4 0.2624343 5985.4 1.0498837
5983.9 0.08666104 5988.2 0.69538404 5988.2 0.32401806 5983.9 0.24928619 5987.9 1.04848459
5987.9 0.13764472 5988.7 0.61584636 5988.7 0.34614153 5984.4 0.28859022 5988.4 1.0381831
5988.4 0.12751298 5989.2 0.59929533 5989.2 0.37096441 5987.9 0.52333478 5988.9 1.03518212
5988.9 0.13470031 5989.7 0.58968834 5989.7 0.39607436 5988.4 0.41357474 5989.4 1.03324176
5989.4 0.14167712 5990.2 0.59194964 5990.2 0.41070363 5988.9 0.38935002 5989.9 1.0336621
5989.9 0.15198384 5990.8 0.59047389 5990.8 0.42681607 5989.4 0.38145691 5990.4 1.03245644
5990.4 0.15761275 5991.3 0.55915495 5991.3 0.44896185 5989.9 0.39196576 5990.9 1.02996584
5990.9 0.1737401 5991.8 0.59261132 5991.8 0.4602054 5990.4 0.38635775 5991.4 1.0306016
5991.4 0.19910545 5992.3 0.58412616 5992.3 0.4724532 5990.9 0.39100808 5991.9 1.03122232
5991.9 0.23553766 5992.8 0.5809494 5992.8 0.46726578 5991.4 0.3896085 5992.4 1.03179022
5992.4 0.27709992 5993.3 0.55920164 5993.3 0.47005657 5991.9 0.40943538 5992.9 1.03037761
5992.9 0.26789012 5993.9 0.57179802 5993.9 0.46789336 5992.4 0.41192565 5993.4 1.03320431
5993.4 0.22402535 5994.4 0.595183 5994.4 0.48555042 5992.9 0.43712189 5993.9 1.0312818
5993.9 0.20157756 5994.9 0.62186531 5994.9 0.48564861 5993.4 0.42099537 5994.4 1.02805485
5994.4 0.18278626 5995.4 0.63277717 5995.4 0.51728657 5993.9 0.42275763 5994.9 1.0294003
5994.9 0.18446081 5995.9 0.63755137 5995.9 0.55522446 5994.4 0.43488121 5995.4 1.0300512
5995.4 0.19270836 5996.5 0.64383508 5996.5 0.56835161 5994.9 0.44934725 5995.9 1.03147563
5995.9 0.21830685 5997.0 0.68510321 5997.0 0.60369026 5995.4 0.46890645 5996.4 1.02777197
5996.4 0.24547387 5997.5 0.70535168 5997.5 0.64887012 5995.9 0.48803109 5996.9 1.02872777
5996.9 0.25541471 5998.0 0.71482802 5998.0 0.68006842 5996.4 0.51157823 5997.4 1.02874182
5997.4 0.28232309 5998.5 0.75529224 5998.5 0.71706956 5996.9 0.52662074 5997.9 1.02856659
5997.9 0.31853042 5999.0 0.76336963 5999.0 0.74456399 5997.4 0.55438941 5998.4 1.02818629
5998.4 0.36788294 5999.6 0.78909426 5999.6 0.76970018 5997.9 0.58544159 5998.9 1.02901665
5998.9 0.4060429 6000.1 0.81596189 6000.1 0.78639342 5998.4 0.60928474 5999.4 1.02688857
5999.4 0.45739588 6000.6 0.82133211 6000.6 0.80635266 5998.9 0.65376209 5999.9 1.028114
5999.9 0.48952179 6001.1 0.84539622 6001.1 0.83004092 5999.4 0.6714339 6000.4 1.02866252
6000.4 0.52362003 6001.6 0.87708539 6001.6 0.84262656 5999.9 0.67877238 6000.9 1.02999407
6000.9 0.5729608 6002.2 0.91208553 6002.2 0.8697421 6000.4 0.69865998 6001.4 1.02954517
6001.4 0.62423794 6002.7 0.94467969 6002.7 0.88396147 6000.9 0.71669888 6001.9 1.02842443
6001.9 0.68335211 6003.2 0.97816676 6003.2 0.89675626 6001.4 0.73496369 6002.4 1.02851171
6002.4 0.7464042 6003.7 1.02041888 6003.7 0.91444233 6001.9 0.76226494 6002.9 1.02852411
6002.9 0.80580184 6004.2 1.03812287 6004.2 0.93805001 6002.4 0.82825166 6003.4 1.02696943
6003.4 0.85909407 6004.8 1.05738258 6004.8 0.95570282 6002.9 0.8510658 6003.9 1.02832405
6003.9 0.90462104 6005.3 1.07245399 6005.3 0.98213358 6003.4 0.89560887 6004.4 1.03056726
6004.4 0.92801294 6005.8 1.10183135 6005.8 0.99057893 6003.9 0.95015815 6004.9 1.03009072
6004.9 0.97413812 6006.3 1.13622591 6006.3 1.02045483 6004.4 0.9883005 6005.4 1.03073489
6005.4 1.01941597 6006.8 1.19065891 6006.8 1.04635232 6004.9 1.00656676 6005.9 1.03039707
6005.9 1.06261851 6007.4 1.22135886 6007.4 1.04439997 6005.4 1.00888368 6006.4 1.02890029
6006.4 1.13491664 6007.9 1.24942097 6007.9 1.08133675 6005.9 1.03958279 6006.9 1.02985325
6006.9 1.21690182 6008.4 1.26829548 6008.4 1.075424 6006.4 1.08445793 6007.4 1.02919237
6007.4 1.31906396 6008.9 1.25378553 6008.9 1.078818 6006.9 1.14111524 6007.9 1.02911682
6007.9 1.39229207 6009.4 1.25326068 6009.4 1.07387784 6007.4 1.19548554 6008.4 1.03043688
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6008.4 1.45921508 6010.0 1.21045305 6010.0 1.04922701 6007.9 1.2177467 6008.9 1.03108325
6008.9 1.49285038 6010.5 1.1684952 6010.5 1.03699347 6008.4 1.24212294 6009.4 1.02898037
6009.4 1.48280384 6011.0 1.14953021 6011.0 1.02385535 6008.9 1.24467564 6009.9 1.03012029
6009.9 1.43909116 6011.5 1.11617223 6011.5 1.00223306 6009.4 1.20503173 6010.4 1.02656232
6010.4 1.38861411 6012.1 1.09229955 6012.1 0.99407973 6009.9 1.17135644 6010.9 1.02836809
6010.9 1.32581725 6012.6 1.08178622 6012.6 0.97734586 6010.4 1.12460122 6011.4 1.02775457
6011.4 1.25205632 6013.1 1.07365109 6013.1 0.95600971 6010.9 1.10669078 6011.9 1.02744461
6011.9 1.19409732 6013.6 1.04728418 6013.6 0.96041437 6011.4 1.07671061 6012.4 1.02732116
6012.4 1.15291196 6014.1 1.05259716 6014.1 0.96022854 6011.9 1.04283265 6012.9 1.02596332
6012.9 1.11761359 6014.7 1.04003578 6014.7 0.96227661 6012.4 1.0300157 6013.4 1.02765425
6013.4 1.09145343 6015.2 1.03364895 6015.2 0.97471636 6012.9 1.01414973 6014.0 1.02718503
6014.0 1.09037454 6015.7 1.04876412 6015.7 0.96469294 6013.4 1.00498137 6014.5 1.02509343
6014.5 1.07131299 6016.2 1.05030557 6016.2 0.98536602 6014.0 0.9966777 6015.0 1.02506126
6015.0 1.07644691 6016.7 1.04118636 6016.7 0.98668276 6014.5 1.00722647 6015.5 1.02573832
6015.5 1.07560117 6017.3 1.05714611 6017.3 0.98234201 6015.0 1.00740578 6016.0 1.02498689
6016.0 1.07623388 6017.8 1.05242611 6017.8 0.99104617 6015.5 1.01181259 6016.5 1.02613188
6016.5 1.07918644 6018.3 1.06977334 6018.3 0.99499299 6016.0 1.00273445 6017.0 1.02581239
6017.0 1.08849945 6018.8 1.06260008 6018.8 0.99554053 6016.5 1.00896865 6017.5 1.02470795
6017.5 1.09825677 6019.4 1.06540208 6019.4 0.99422644 6017.0 1.01294339 6018.0 1.02483359
6018.0 1.1173832 6019.9 1.09073889 6019.9 0.99137053 6017.5 1.00799002 6018.5 1.02387284
6018.5 1.12974305 6020.4 1.08193264 6020.4 1.00124221 6018.0 1.02236117 6019.0 1.02583318
6019.0 1.14605129 6020.9 1.08508889 6020.9 0.9897943 6018.5 1.03470033 6019.5 1.02207357
6019.5 1.1621485 6021.5 1.08991819 6021.5 0.98272982 6019.0 1.02708329 6020.0 1.02418354
6020.0 1.17386147 6022.0 1.07690212 6022.0 0.99407473 6019.5 1.03328263 6020.5 1.02281189
6020.5 1.18305871 6022.5 1.08001233 6022.5 0.99084375 6020.0 1.05286872 6021.0 1.02228967
6021.0 1.19144049 6023.0 1.08715943 6023.0 0.99131325 6020.5 1.05110966 6021.5 1.02212375
6021.5 1.19667824 6024.0 1.05333765 6024.0 0.98426033 6021.0 1.03890589 6022.0 1.02284218
6022.0 1.18938067 6024.9 1.04345141 6024.9 0.99569715 6021.5 1.03114036 6022.5 1.02265034
6022.5 1.18725882 6025.8 1.0292686 6025.8 0.9932024 6022.0 1.03535825 6023.0 1.02277621
6023.0 1.19512793 6026.8 1.02013355 6026.8 0.99067669 6022.5 1.03828926 6024.0 1.0237891
6024.0 1.170586 6027.8 1.00432645 6027.8 1.0003289 6023.0 1.0296814 6024.9 1.02234193
6024.9 1.14246237 6028.7 0.9965918 6028.7 0.99470225 6024.0 1.00919661 6025.8 1.02111079
6025.8 1.12800287 6029.7 0.97864723 6029.7 0.9973444 6024.9 1.00123928 6026.8 1.02026793
6026.8 1.09423971 6030.7 0.97331238 6030.7 0.99636238 6025.8 0.9742606 6027.8 1.02154332
6027.8 1.06540047 6031.8 0.96256489 6031.8 1.00178746 6026.8 0.96220223 6028.7 1.02184648
6028.7 1.03479003 6032.8 0.96021928 6032.8 0.99197334 6027.8 0.95847602 6029.7 1.02168736
6029.7 1.00495436 6033.8 0.95526479 6033.8 0.98955395 6028.7 0.93581422 6030.7 1.01820075
6030.7 0.99353814 6034.9 0.95293855 6034.9 0.98710199 6029.7 0.93295697 6031.8 1.0207924
6031.8 0.98926941 6036.0 0.95692282 6036.0 0.98927456 6030.7 0.9243342 6032.8 1.01974558
6032.8 0.97974715 6037.0 0.94741061 6037.0 0.99914336 6031.8 0.91057401 6033.8 1.0184719
6033.8 0.96903363 6038.1 0.94943288 6038.1 0.99025878 6032.8 0.91390943 6034.9 1.01874684
6034.9 0.95925555 6039.2 0.95073237 6039.2 0.9875909 6033.8 0.90433918 6036.0 1.01866454
6036.0 0.93740513 6040.3 0.95904603 6040.3 0.99618669 6034.9 0.90727114 6037.0 1.01762493
6037.0 0.9180468 6041.5 0.94969487 6041.5 0.99807853 6036.0 0.90522312 6038.1 1.0169404
6038.1 0.91257164 6042.6 0.96510735 6042.6 0.99671299 6037.0 0.90347523 6039.2 1.01700252
6039.2 0.90326571 6043.8 0.96273389 6043.8 0.99297264 6038.1 0.9076337 6040.3 1.0162794
6040.3 0.91161428 6044.9 0.97533717 6044.9 0.99218564 6039.2 0.90148356 6041.5 1.01639216
6041.5 0.91744909 6046.1 0.97478034 6046.1 0.9952475 6040.3 0.92196266 6042.6 1.01647388
6042.6 0.92668829 6047.3 0.98150441 6047.3 1.00060971 6041.5 0.9308257 6043.8 1.01673897
6043.8 0.93111164 6048.5 0.97682883 6048.5 1.00038155 6042.6 0.92201937 6044.9 1.01629511
6044.9 0.9328699 6049.7 0.9804298 6049.7 0.99174375 6043.8 0.94453304 6046.1 1.01694951
6046.1 0.93797915 6050.9 0.97628146 6050.9 0.98554663 6044.9 0.93667238 6047.3 1.01498252
6047.3 0.9457192 6052.2 0.99005646 6052.2 0.97616118 6046.1 0.92957276 6048.5 1.01589426
6048.5 0.95550562 6053.4 0.99234772 6053.4 0.96412182 6047.3 0.93534251 6049.7 1.01607886
6049.7 0.95990609 6054.7 1.00189967 6054.7 0.97419588 6048.5 0.94733468 6050.9 1.01513981
6050.9 0.96180306 6056.0 0.99662746 6056.0 0.96602029 6049.7 0.94923963 6052.2 1.01560692
6052.2 0.97050129 6057.2 0.9933681 6057.2 0.95993019 6050.9 0.96484597 6053.4 1.01542549
6053.4 0.97262386 6058.5 1.00056347 6058.5 0.96471855 6052.2 0.95122244 6054.7 1.01397136
6054.7 0.98049859 6059.8 1.00529409 6059.8 0.96479579 6053.4 0.96035617 6056.0 1.01511959
6056.0 0.97818129 6061.2 1.01515891 6061.2 0.96853419 6054.7 0.97333837 6057.2 1.01355561
6057.2 0.98857685 6062.5 1.02157576 6062.5 0.97366211 6056.0 0.97377724 6058.5 1.01465995
6058.5 0.99703429 6063.9 1.0082419 6063.9 0.97275095 6057.2 0.96918295 6059.8 1.01379706
6059.8 1.00452657 6065.2 1.01168758 6065.2 0.98547577 6058.5 0.97190413 6061.2 1.01453718
6061.2 1.01049226 6066.6 1.0185933 6066.6 0.98571326 6059.8 0.9883104 6062.5 1.01362545
6062.5 1.01862398 6068.0 1.01454339 6068.0 0.98963614 6061.2 0.9897435 6063.9 1.01368226
6063.9 1.02022742 6069.4 1.01374857 6069.4 0.99757408 6062.5 0.9919532 6065.2 1.01283123
6065.2 1.02310099 6070.8 1.01173355 6070.8 1.00215596 6063.9 0.98677748 6066.6 1.01292706
6066.6 1.02135877 6072.2 1.01959947 6072.2 1.00928097 6065.2 0.99723671 6068.0 1.01185527
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6068.0 1.02487657 6073.6 1.01383927 6073.6 1.0027303 6066.6 0.99375656 6069.4 1.01237649
6069.4 1.02208383 6075.1 1.02580365 6075.1 1.00791394 6068.0 0.99522989 6070.8 1.01249536
6070.8 1.01833766 6076.5 1.01416209 6076.5 1.00073516 6069.4 0.99793955 6072.2 1.01223794
6072.2 1.01299191 6078.0 1.01091714 6078.0 0.99201652 6070.8 1.01478246 6073.6 1.01124975
6073.6 1.00663528 6079.5 1.01451953 6079.5 0.9893262 6072.2 1.0042806 6075.1 1.01118635
6075.1 1.00786937 6081.0 1.0099236 6081.0 0.9838542 6073.6 1.00598049 6076.5 1.01117086
6076.5 1.01109581 6082.5 1.00747356 6082.5 0.98309138 6075.1 1.00010972 6078.0 1.01064441
6078.0 1.00838987 6084.0 1.01282914 6084.0 0.9728319 6076.5 1.01192859 6079.5 1.00995726
6079.5 1.00235666 6085.5 1.00635238 6085.5 0.97147107 6078.0 1.0096289 6081.0 1.01011108
6081.0 1.00586013 6087.1 1.00699912 6087.1 0.97689141 6079.5 1.00523312 6082.5 1.01109169
6082.5 1.01391063 6088.6 1.00412341 6088.6 0.98397881 6081.0 1.01546062 6084.0 1.00959738
6084.0 1.00616675 6090.2 0.99924163 6090.2 0.99725617 6082.5 1.01379428 6085.5 1.00848504
6085.5 1.00803652 6091.8 1.00422963 6091.8 1.01139848 6084.0 1.00622685 6087.1 1.0099713
6087.1 0.99488796 6093.4 0.99964627 6093.4 1.01742493 6085.5 1.00681566 6088.6 1.00879352
6088.6 1.00285833 6095.0 0.99923186 6095.0 1.02881889 6087.1 0.99838288 6090.2 1.00938304
6090.2 1.00048794 6096.6 1.00199151 6096.6 1.0413826 6088.6 1.0000872 6091.8 1.00910476
6091.8 0.99850552 6098.2 1.00156244 6098.2 1.04719051 6090.2 1.00112642 6093.4 1.00863076
6093.4 0.99996186 6099.8 0.99810932 6099.8 1.05052101 6091.8 1.00489097 6095.0 1.00865671
6095.0 1.00002603 6101.5 1.00152009 6101.5 1.04443349 6093.4 0.99803847 6096.6 1.00931976
6096.6 0.99167541 6103.2 0.99824918 6103.2 1.03183303 6095.0 0.99863386 6098.2 1.00769883
6098.2 0.98638212 6104.8 1.00164437 6104.8 1.02394977 6096.6 0.99539912 6099.8 1.00800053
6099.8 0.98662867 6106.5 0.9995848 6106.5 1.01288618 6098.2 0.9936922 6101.5 1.00803405
6101.5 0.99542814 6108.2 0.99648055 6108.2 1.00543387 6099.8 1.00021518 6103.2 1.0079261
6103.2 0.99924617 6109.9 1.00078241 6109.9 0.99791432 6101.5 0.99285538 6104.8 1.00821397
6104.8 0.99734127 6111.7 0.99652965 6111.7 0.98798402 6103.2 0.99239934 6106.5 1.00662524
6106.5 1.00078638 6113.4 0.99774802 6113.4 0.98061546 6104.8 0.99685011 6108.2 1.00705483
6108.2 1.00437328 6115.2 0.99769397 6115.2 0.9783118 6106.5 0.99579612 6109.9 1.0068508
6109.9 1.00580633 6116.9 1.00112273 6116.9 0.97835473 6108.2 0.99836568 6111.7 1.00680647
6111.7 1.00642839 6118.7 0.99762353 6118.7 0.97694435 6109.9 0.99803583 6113.4 1.00706147
6113.4 1.00895302 6120.5 0.99722568 6120.5 0.98309043 6111.7 0.99771244 6115.2 1.00637272
6115.2 0.99803543 6122.3 1.00594473 6122.3 0.98473867 6113.4 1.0038955 6116.9 1.00714703
6116.9 1.00109086 6124.1 1.00389594 6124.1 0.98383384 6115.2 0.99243262 6118.7 1.00613079
6118.7 1.00278851 6116.9 0.9949339 6120.5 1.00578144
6120.5 0.99150619 6118.7 0.99482248 6122.3 1.006354
6122.3 0.99064778 6120.5 1.00226794 6124.1 1.00630609
6124.1 0.98656712 6122.3 1.00392133 6125.9 1.00530918
6125.9 0.98142934 6124.1 1.0095758 6127.7 1.00493574
6127.7 0.97606692 6129.6 1.00517839
6129.6 0.97788944 6131.4 1.00507035
6131.4 0.98512555 6133.3 1.00543704
6133.3 1.01299439 6135.2 1.0049167
6135.2 0.98754416 6137.1 1.00510264
6137.1 0.99241979 6139.0 1.00529579
6139.0 0.99752346 6140.9 1.00557318
6140.9 1.00296272 6142.9 1.00468936
6142.9 0.99303431 6144.8 1.00480375
6144.8 0.99854257 6146.8 1.00401657
6146.8 1.00024115 6148.7 1.00498815
6148.7 1.00251715 6150.7 1.00477942
6150.7 1.00641493 6152.7 1.00407244
6152.7 1.01076762 6154.7 1.00454591
6154.7 1.00009674 6156.7 1.00425741
6156.7 1.00536094 6158.8 1.00400006
6158.8 1.01059285 6160.8 1.00368518
6160.8 1.00724017 6162.9 1.0031682
6162.9 1.00479622 6164.9 1.00359866
6164.9 1.01184448 6167.0 1.00369086
6167.0 1.01411903 6169.1 1.00369375
6169.1 1.00443043 6171.2 1.00359352
6171.2 1.00566757 6173.3 1.00289039
6173.3 0.997478 6175.4 1.00351699
6175.4 0.99476797 6177.6 1.00295286
6177.6 0.9878929 6179.7 1.00276134
6179.7 0.98642263 6181.9 1.00274266
6181.9 0.98409454 6184.1 1.0026677
6184.1 0.98594649 6186.3 1.00238461
6186.3 0.98525818 6188.5 1.00254037
6188.5 1.00059071 6190.7 1.00253398
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6190.7 0.97638197 6192.9 1.00266435
6192.9 0.97687712 6195.1 1.00276941
6195.1 0.9791097 6197.4 1.00215969
6197.4 0.98163869 6199.6 1.00207088
6199.6 0.9944797 6201.9 1.00243736
6201.9 1.06626527 6204.2 1.0021448
6204.2 0.99106844 6206.5 1.00195596
6206.5 0.98510504 6208.8 1.00191426
6208.8 0.98654954 6211.1 1.00210375
6211.1 0.9850848 6213.5 1.00180433
6213.5 0.9848197 6215.8 1.00159886
6215.8 0.99119032 6218.2 1.00126872
6218.2 0.98746076 6220.5 1.001842
6220.5 0.98982677 6222.9 1.00168813
6222.9 0.98698387 6225.3 1.00183834
6225.3 0.98509165 6227.7 1.00154569
6227.7 0.98989732 6230.2 1.0013636
6230.2 0.9900931 6232.6 1.00142361
6232.6 0.98860828 6235.0 1.00129216
6235.0 0.98263857 6237.5 1.00133715
6237.5 0.98590824 6240.0 1.00139633
6240.0 0.98522472 6242.4 1.00124106
6242.4 0.98455799 6244.9 1.00128658
6244.9 0.98399448 6247.4 1.00095
6247.4 0.98437058 6250.0 1.00044585
6250.0 0.98830488 6252.5 1.00077188
6252.5 0.99661637 6255.0 1.00078178
6255.0 0.99765373 6257.6 1.00053399
6257.6 0.99932345 6260.1 1.00084018
6260.1 1.00661182 6262.7 1.00059448
6262.7 1.00098374 6265.3 1.00095225
6265.3 0.99103564 6267.9 1.0005917
6267.9 0.99159032 6270.5 1.00068602
6270.5 0.99081138 6273.2 1.00066139
6273.2 0.994352 6275.8 1.00039054
6275.8 0.99416403 6278.4 1.00041652
6278.4 1.00362144 6281.1 1.00053191
6281.1 1.00321391 6283.8 1.00037003
6283.8 1.00515324 6286.5 1.00035895
6286.5 1.00457829 6289.2 1.00049553
6289.2 1.00635069 6291.9 1.00039433
6291.9 1.00943395 6294.6 1.0005327
6294.6 1.00360195 6297.4 1.00071524
6297.4 1.01099006 6300.1 1.00033686
6300.1 1.00993163 6302.9 1.0003412
6302.9 1.01166743 6305.6 1.00052385
6305.6 1.00098108 6308.4 0.99990622
6308.4 0.99815281 6311.2 1.00028401
6311.2 0.99977597 6314.0 0.99987824
6314.0 0.9962153 6316.9 0.9999937
6316.9 0.99702489 6319.7 0.9998986
6319.7 0.99493917 6322.5 1.00009651
6322.5 0.99493559 6325.4 1.00012434
6325.4 0.99423664 6328.3 1.00025338
6328.3 0.99315578 6331.1 1.00021489
6331.1 0.99571893 6334.0 0.99989834
6334.0 0.99838348 6337.0 0.9999827
6337.0 0.99901041 6339.9 1.00014887
6339.9 1.00803106 6342.8 1.00003441
6342.8 1.00192572 6345.7 0.99988877
6345.7 0.99939695 6348.7 1.00007082
6348.7 0.99753033 6351.7 0.99980381
6354.7 1.00005679
6357.6 0.99997424
6360.7 0.99992193
6363.7 0.99974211
6366.7 0.99994992
6369.7 0.99990293
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6372.8 1.00020743
6375.9 1.00013854
6378.9 1.00013066
6382.0 1.00004474
6385.1 1.00001502
6388.3 1.00008867
6391.4 1.00000414
6394.5 1.00002754
6397.7 0.99983717
6400.8 0.99997643
6404.0 0.99979192
6407.2 1.00005249
6410.4 0.99986978
6413.6 1.00000834
6416.8 0.99995629
6420.1 0.99996074
6423.3 0.9998408
6426.6 0.999913
6429.9 1.00008056
6433.1 0.99998822
6436.4 0.99995518
6439.7 1.00002644
6443.1 0.99996078
6446.4 0.99989618
6449.8 1.00011745
6453.1 0.99991615
6456.5 1.00006179
6459.9 1.00008375
6463.3 0.99993563
6466.7 0.999923
6470.1 1.00012886
6473.5 0.99999469
6477.0 1.00014573
6480.4 1.00006704
6483.9 1.00002799
6487.4 0.99992548
6490.9 1.00008842
6494.4 1.00002774
6497.9 0.99996071
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
5838.8 0.00016377 5838.8 0.04281782 5838.8 0.04166923 5838.8 0.00671359 5838.8 0.00029641
5844.3 0.00013713 5844.3 -0.0053456 5844.3 0.00981496 5844.3 0.00391367 5844.3 0.00010111
5849.8 0.00011598 5849.8 0.03760832 5849.8 0.01813435 5849.8 0.00101084 5849.8 0.00014923
5855.4 5.2871E-05 5855.4 0.02760301 5855.4 -0.03145184 5855.4 -0.00135951 5855.4 9.0191E-05
5860.9 -4.2405E-05 5860.9 -0.02430849 5860.9 -0.00437415 5860.9 -0.00313276 5860.9 2.1796E-05
5866.5 -4.6907E-05 5866.5 -0.04417898 5866.5 -0.01636146 5866.5 -0.00411757 5866.5 -0.00023181
5872.1 -0.00017503 5872.1 -0.00673277 5872.1 -0.01138988 5872.1 -0.00442492 5872.1 -0.00023122
5883.3 -0.00023629 5883.3 -0.0293141 5883.3 -0.01168097 5883.3 -0.00572089 5883.3 -0.00023027
5894.5 -0.00016436 5894.5 -0.02459975 5894.5 -0.00962688 5894.5 -0.00038114 5894.5 -0.00019722
5900.2 -0.00021128 5900.2 -0.03133526 5900.2 -0.01456214 5900.2 0.00250056 5900.2 -0.00024305
5905.8 -9.972E-05 5905.8 -0.01337923 5905.8 -0.00447529 5905.8 -0.0001876 5905.8 -0.0002592
5911.5 2.9534E-05 5911.5 0.00260675 5911.5 0.00633226 5911.5 -0.00043521 5911.5 1.4587E-06
5917.2 -3.5427E-05 5917.2 0.00617168 5917.2 -0.01206549 5917.2 -0.00010564 5917.2 7.177E-05
5922.9 0.00013624 5922.9 0.04563021 5922.9 0.03822503 5922.9 0.00431049 5922.9 0.00024976
5928.6 0.0003759 5928.6 0.01822946 5928.6 0.00351719 5928.6 0.00141759 5928.6 0.00041105
5934.3 0.00041304 5934.3 0.02496409 5934.3 0.04168766 5934.3 0.00317671 5934.3 0.00054441
5940.0 0.00081565 5940.0 0.036612 5940.0 0.04340623 5940.0 0.00613648 5940.0 0.00076049
5945.7 0.00127173 5945.7 0.03427217 5945.7 0.03970661 5945.7 0.00733602 5945.7 0.00102828
5951.5 0.00195619 5951.5 0.05830784 5951.5 0.06022049 5951.5 0.00912631 5951.5 0.00144711
5957.2 0.00264158 5957.2 0.06533186 5957.2 0.08128941 5957.2 0.01091664 5957.2 0.0024193
5967.0 0.00475702 5967.0 0.0767282 5967.0 0.10450913 5967.0 0.01635548 5967.0 0.00416825
5967.5 0.00502784 5967.6 0.08635864 5967.6 0.09322311 5967.6 0.01695736 5967.5 0.00411134
5968.0 0.00525471 5968.1 0.0971805 5968.1 0.10775968 5968.1 0.01677813 5968.0 0.00435807
5968.5 0.00539301 5968.6 0.06151056 5968.6 0.09745506 5968.6 0.01737411 5968.5 0.00453299
5969.0 0.00561652 5969.1 0.08199937 5969.1 0.10055326 5969.1 0.01762326 5969.0 0.00471414
Steel die 18/6 (4)18/6 (3)18/6 (2) 18/6
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5969.5 0.00586727 5969.6 0.08148485 5969.6 0.10416974 5969.6 0.01802214 5969.5 0.00483317
5970.0 0.00596963 5970.1 0.09049165 5970.1 0.10537372 5970.1 0.01818489 5970.0 0.00481117
5970.5 0.00625527 5970.6 0.08135957 5970.6 0.1076353 5970.6 0.01871925 5970.5 0.00486632
5971.0 0.00631728 5978.9 0.0867009 5978.9 0.12263764 5978.9 0.02566554 5971.0 0.00541668
5978.5 0.01193061 5979.4 0.1229626 5979.4 0.12618081 5979.4 0.02615503 5978.0 0.00928412
5978.9 0.01278662 5979.9 0.12501514 5979.9 0.12472591 5979.9 0.02673811 5978.5 0.00948937
5979.4 0.01343891 5980.4 0.11552054 5980.4 0.12361711 5980.4 0.02738386 5978.9 0.0099257
5979.9 0.01437819 5980.9 0.13050544 5980.9 0.12317087 5980.9 0.02822929 5979.4 0.010671
5980.4 0.01485597 5981.5 0.13579346 5981.5 0.12297891 5981.5 0.02904145 5979.9 0.01120326
5980.9 0.01568131 5982.0 0.14230728 5982.0 0.1181308 5982.0 0.0301766 5980.4 0.01176088
5981.4 0.01683317 5982.5 0.13775134 5982.5 0.13704674 5982.5 0.03146386 5980.9 0.01235932
5981.9 0.01835379 5983.0 0.12741273 5983.0 0.14457152 5983.0 0.03304046 5981.4 0.01332225
5982.4 0.01936043 5983.5 0.15080768 5983.5 0.14088553 5983.5 0.03611662 5981.9 0.01404878
5982.9 0.02080031 5984.0 0.13224642 5984.0 0.13489101 5984.0 0.03715344 5982.4 0.01505203
5983.4 0.02274191 5988.2 0.2139133 5988.2 0.21059665 5988.2 0.1533705 5982.9 0.01646357
5983.9 0.0248878 5988.7 0.21853019 5988.7 0.22788858 5988.7 0.21283348 5983.4 0.01794683
5984.4 0.0272169 5989.2 0.21192779 5989.2 0.25377108 5989.2 0.25937088 5983.9 0.01937483
5987.9 0.1284062 5989.7 0.25439158 5989.7 0.25370854 5989.7 0.29046645 5987.9 0.10891882
5988.4 0.20455246 5990.2 0.27542012 5990.2 0.26723819 5990.2 0.31534432 5988.4 0.17446769
5988.9 0.2837728 5990.8 0.26776859 5990.8 0.27204768 5990.8 0.33621628 5988.9 0.24057285
5989.4 0.33587357 5991.3 0.25980194 5991.3 0.267485 5991.3 0.35399394 5989.4 0.2838287
5989.9 0.36835547 5991.8 0.2526917 5991.8 0.30043441 5991.8 0.36747086 5989.9 0.31952319
5990.4 0.39850242 5992.3 0.27394726 5992.3 0.29190597 5992.3 0.3776121 5990.4 0.34934918
5990.9 0.42227975 5992.8 0.30885968 5992.8 0.31093116 5992.8 0.38235768 5990.9 0.37406186
5991.4 0.43714562 5993.3 0.30560937 5993.3 0.31866458 5993.3 0.38740506 5991.4 0.39454289
5991.9 0.44936247 5993.9 0.27192684 5993.9 0.31877935 5993.9 0.39193372 5991.9 0.40743131
5992.4 0.45660501 5994.4 0.30439439 5994.4 0.33619616 5994.4 0.39879718 5992.4 0.41564144
5992.9 0.46274244 5994.9 0.32275349 5994.9 0.33174008 5994.9 0.41256661 5992.9 0.4194096
5993.4 0.46906705 5995.4 0.32682621 5995.4 0.35139077 5995.4 0.43209755 5993.4 0.42352642
5993.9 0.4774932 5995.9 0.33272345 5995.9 0.35910556 5995.9 0.45389715 5993.9 0.42522797
5994.4 0.48983325 5996.5 0.35406415 5996.5 0.39083374 5996.5 0.47866496 5994.4 0.43209716
5994.9 0.50847312 5997.0 0.41926395 5997.0 0.41784209 5997.0 0.50563184 5994.9 0.44627654
5995.4 0.53361139 5997.5 0.42657483 5997.5 0.44423237 5997.5 0.5337887 5995.4 0.46955616
5995.9 0.555734 5998.0 0.46894195 5998.0 0.48355374 5998.0 0.56634044 5995.9 0.49289508
5996.4 0.58874555 5998.5 0.47135389 5998.5 0.52280652 5998.5 0.60116909 5996.4 0.52209707
5996.9 0.61929088 5999.0 0.52910056 5999.0 0.58140512 5999.0 0.63633779 5996.9 0.55211534
5997.4 0.6480022 5999.6 0.58062807 5999.6 0.61676986 5999.6 0.67242486 5997.4 0.58181911
5997.9 0.67994123 6000.1 0.60285243 6000.1 0.66337143 6000.1 0.7061025 5997.9 0.61352001
5998.4 0.71014393 6000.6 0.63454003 6000.6 0.71582696 6000.6 0.74149818 5998.4 0.64394981
5998.9 0.73674491 6001.1 0.6859434 6001.1 0.76284782 6001.1 0.77512149 5998.9 0.67534939
5999.4 0.76304331 6001.6 0.6875088 6001.6 0.77522631 6001.6 0.80824079 5999.4 0.70725241
5999.9 0.78815216 6002.2 0.73911647 6002.2 0.81934591 6002.2 0.84272721 5999.9 0.73754956
6000.4 0.81066988 6002.7 0.79153025 6002.7 0.88964273 6002.7 0.87507188 6000.4 0.76736251
6000.9 0.83452852 6003.2 0.8626799 6003.2 0.9113824 6003.2 0.90411017 6000.9 0.79974123
6001.4 0.85729573 6003.7 0.86565328 6003.7 0.95690384 6003.7 0.93156965 6001.4 0.82837989
6001.9 0.87678856 6004.2 0.93237504 6004.2 0.9806082 6004.2 0.95508637 6001.9 0.86022835
6002.4 0.89278144 6004.8 0.96553411 6004.8 1.03432677 6004.8 0.9779419 6002.4 0.88805145
6002.9 0.91447514 6005.3 0.97729514 6005.3 1.07112006 6005.3 0.99878542 6002.9 0.91451452
6003.4 0.93156677 6005.8 1.02829764 6005.8 1.10542404 6005.8 1.01924569 6003.4 0.94111109
6003.9 0.94715084 6006.3 1.07999198 6006.3 1.16110863 6006.3 1.03716232 6003.9 0.96182798
6004.4 0.96374022 6006.8 1.08311672 6006.8 1.20109299 6006.8 1.05098091 6004.4 0.98049379
6004.9 0.97696713 6007.4 1.13200248 6007.4 1.2251813 6007.4 1.06120443 6004.9 0.99590445
6005.4 0.9859336 6007.9 1.12340046 6007.9 1.26102789 6007.9 1.07012366 6005.4 1.00795665
6005.9 0.99648009 6008.4 1.15016287 6008.4 1.2597057 6008.4 1.0754676 6005.9 1.02083956
6006.4 1.00343854 6008.9 1.16916185 6008.9 1.26877203 6008.9 1.07875834 6006.4 1.03133724
6006.9 1.01334773 6009.4 1.17547416 6009.4 1.28927508 6009.4 1.07887368 6006.9 1.03630725
6007.4 1.0166699 6010.0 1.12777448 6010.0 1.25297284 6010.0 1.07429632 6007.4 1.04550703
6007.9 1.01747942 6010.5 1.14567319 6010.5 1.24080772 6010.5 1.06679741 6007.9 1.04914678
6008.4 1.01849151 6011.0 1.13341328 6011.0 1.22983174 6011.0 1.06061371 6008.4 1.05015397
6008.9 1.01118637 6011.5 1.10527976 6011.5 1.1710686 6011.5 1.05003451 6008.9 1.04934433
6009.4 1.00644839 6012.1 1.01033735 6012.1 1.15149923 6012.1 1.03984143 6009.4 1.04817123
6009.9 0.99801817 6012.6 1.03906443 6012.6 1.12141006 6012.6 1.03176123 6009.9 1.04024987
6010.4 0.99241424 6013.1 1.01732881 6013.1 1.10195404 6013.1 1.02329746 6010.4 1.03722529
6010.9 0.98516071 6013.6 0.97554087 6013.6 1.09841305 6013.6 1.01604427 6010.9 1.03546698
6011.4 0.97762559 6014.1 0.957541 6014.1 1.07599296 6014.1 1.01103048 6011.4 1.03518589
6011.9 0.97149968 6014.7 0.99849341 6014.7 1.0695659 6014.7 1.0063798 6011.9 1.03115764
6012.4 0.96833347 6015.2 0.97715068 6015.2 1.05512672 6015.2 1.00241269 6012.4 1.02839402
6012.9 0.96800956 6015.7 0.95706342 6015.7 1.05647585 6015.7 1.00127963 6012.9 1.02746778
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6013.4 0.96546213 6016.2 0.97382826 6016.2 1.06408714 6016.2 0.99993244 6013.4 1.02419023
6014.0 0.96627869 6016.7 0.96165501 6016.7 1.05394697 6016.7 1.00059561 6014.0 1.01909028
6014.5 0.96706903 6017.3 0.98532951 6017.3 1.05070809 6017.3 1.00069145 6014.5 1.0164398
6015.0 0.96572903 6017.8 0.97015256 6017.8 1.07081044 6017.8 1.00215906 6015.0 1.01499921
6015.5 0.96895618 6018.3 0.96923062 6018.3 1.04802071 6018.3 1.00301312 6015.5 1.01360684
6016.0 0.97473874 6018.8 0.96234628 6018.8 1.06487293 6018.8 1.0052077 6016.0 1.01398208
6016.5 0.97622427 6019.4 0.96711972 6019.4 1.07532741 6019.4 1.00472873 6016.5 1.01608282
6017.0 0.97828149 6019.9 1.00117238 6019.9 1.06930628 6019.9 1.00609222 6017.0 1.02048741
6017.5 0.98245108 6020.4 0.98721147 6020.4 1.05791165 6020.4 1.00842367 6017.5 1.02123378
6018.0 0.98515149 6020.9 0.96454817 6020.9 1.08569809 6020.9 1.00805469 6018.0 1.02337024
6018.5 0.98666065 6021.5 0.98076996 6021.5 1.07174996 6021.5 1.007637 6018.5 1.02233869
6019.0 0.98893113 6022.0 0.97333562 6022.0 1.07588022 6022.0 1.00844338 6019.0 1.02310923
6019.5 0.98761245 6022.5 0.99805455 6022.5 1.06640436 6022.5 1.00639229 6019.5 1.022303
6020.0 0.98665322 6023.0 1.02557169 6023.0 1.07460132 6023.0 1.01216399 6020.0 1.020585
6020.5 0.98384747 6024.0 0.95992531 6024.0 1.07370764 6024.0 1.00336001 6020.5 1.01617268
6021.0 0.98241544 6024.9 0.98916985 6024.9 1.05016772 6024.9 1.00036592 6021.0 1.01393866
6021.5 0.98113623 6025.8 0.97287377 6025.8 1.02881298 6025.8 0.9955566 6021.5 1.00987948
6022.0 0.98201384 6026.8 0.90780343 6026.8 1.0094289 6026.8 0.9902242 6022.0 1.00924231
6022.5 0.98284498 6027.8 0.93592407 6027.8 1.00141631 6027.8 0.98594207 6022.5 1.00842291
6023.0 0.98522296 6028.7 0.94075976 6028.7 0.99405182 6028.7 0.98300017 6023.0 1.01614341
6024.0 0.98456069 6029.7 0.90204269 6029.7 0.97182335 6029.7 0.97997242 6024.0 1.00740432
6024.9 0.98645034 6030.7 0.8879097 6030.7 0.96759777 6030.7 0.98076738 6024.9 1.0121464
6025.8 0.99261727 6031.8 0.894423 6031.8 0.95713647 6031.8 0.98211376 6025.8 1.01368735
6026.8 0.99466607 6032.8 0.89107673 6032.8 0.94402402 6032.8 0.98277236 6026.8 1.0165917
6027.8 0.99805678 6033.8 0.83887776 6033.8 0.92894903 6033.8 0.98523495 6027.8 1.01876306
6028.7 1.00056782 6034.9 0.87234055 6034.9 0.92204276 6034.9 0.98682136 6028.7 1.02364272
6029.7 1.00047228 6036.0 0.8634635 6036.0 0.91855829 6036.0 0.98645894 6029.7 1.02672704
6030.7 1.00416005 6037.0 0.87193386 6037.0 0.90995216 6037.0 0.98833913 6030.7 1.03404393
6031.8 1.00919548 6038.1 0.8800199 6038.1 0.92448239 6038.1 0.98650533 6031.8 1.03900562
6032.8 1.00968792 6039.2 0.87672383 6039.2 0.9475342 6039.2 0.98658335 6032.8 1.04352483
6033.8 1.01283745 6040.3 0.88331794 6040.3 0.93556279 6040.3 0.98385057 6033.8 1.04865764
6034.9 1.01397554 6041.5 0.90932051 6041.5 0.92061991 6041.5 0.98030982 6034.9 1.05330211
6036.0 1.01640173 6042.6 0.89705363 6042.6 0.94284566 6042.6 0.97524765 6036.0 1.05797609
6037.0 1.01697806 6043.8 0.87581566 6043.8 0.940543 6043.8 0.97115635 6037.0 1.06120299
6038.1 1.01802405 6044.9 0.87103753 6044.9 0.9442405 6044.9 0.96601163 6038.1 1.06297114
6039.2 1.01775111 6046.1 0.89259792 6046.1 0.93413997 6046.1 0.96355335 6039.2 1.05926492
6040.3 1.01530829 6047.3 0.88260845 6047.3 0.92991339 6047.3 0.96125286 6040.3 1.05443412
6041.5 1.00823167 6048.5 0.9054034 6048.5 0.93881927 6048.5 0.96156806 6041.5 1.04733088
6042.6 1.00357643 6049.7 0.88817335 6049.7 0.94507455 6049.7 0.96282801 6042.6 1.03663903
6043.8 0.99704046 6050.9 0.92237326 6050.9 0.95599211 6050.9 0.964392 6043.8 1.03014086
6044.9 0.99352738 6052.2 0.90953408 6052.2 0.95815103 6052.2 0.96693315 6044.9 1.02085916
6046.1 0.98950175 6053.4 0.91114431 6053.4 0.9737165 6053.4 0.96988918 6046.1 1.01490777
6047.3 0.98439796 6054.7 0.91702375 6054.7 0.98100317 6054.7 0.97209812 6047.3 1.0064041
6048.5 0.97998665 6056.0 0.93301191 6056.0 0.98869557 6056.0 0.97484713 6048.5 1.00672418
6049.7 0.9763926 6057.2 0.93721762 6057.2 0.99965719 6057.2 0.97917881 6049.7 1.00143105
6050.9 0.97219245 6058.5 0.92823307 6058.5 1.00342791 6058.5 0.98360515 6050.9 1.00013514
6052.2 0.97030326 6059.8 0.94773199 6059.8 1.01641659 6059.8 0.98850221 6052.2 0.99775443
6053.4 0.96646997 6061.2 0.96512015 6061.2 1.01686208 6061.2 0.99288165 6053.4 0.99438374
6054.7 0.96379806 6062.5 0.96837476 6062.5 1.02670666 6062.5 0.996634 6054.7 0.99370914
6056.0 0.96337045 6063.9 0.96710183 6063.9 1.01126253 6063.9 0.99990703 6056.0 0.9927291
6057.2 0.96281766 6065.2 1.00709949 6065.2 1.03986704 6065.2 1.00350758 6057.2 0.99239215
6058.5 0.96462487 6066.6 0.9805216 6066.6 1.04498391 6066.6 1.00787716 6058.5 0.98850709
6059.8 0.96630807 6068.0 1.01684083 6068.0 1.03668151 6068.0 1.01164286 6059.8 0.99243147
6061.2 0.96955111 6069.4 0.95381056 6069.4 1.03551382 6069.4 1.01635849 6061.2 0.99600878
6062.5 0.97365306 6070.8 0.97552527 6070.8 1.04493286 6070.8 1.01923648 6062.5 0.99738751
6063.9 0.97729583 6072.2 0.98177715 6072.2 1.02922103 6072.2 1.02252928 6063.9 1.00443804
6065.2 0.98426696 6073.6 0.97137227 6073.6 1.04161746 6073.6 1.02374772 6065.2 1.00608672
6066.6 0.99044048 6075.1 0.96792752 6075.1 1.022998 6075.1 1.02555329 6066.6 1.01008194
6068.0 0.9953003 6076.5 0.97087478 6076.5 1.03179096 6076.5 1.02792782 6068.0 1.01874965
6069.4 1.00147364 6078.0 0.96258501 6078.0 1.03430864 6078.0 1.03045052 6069.4 1.02774571
6070.8 1.00760587 6079.5 0.99790892 6079.5 1.03158993 6079.5 1.03365931 6070.8 1.03317382
6072.2 1.0105153 6081.0 0.9881518 6081.0 1.03510918 6081.0 1.03559934 6072.2 1.03495324
6073.6 1.01284451 6082.5 0.96637351 6082.5 1.03327157 6082.5 1.03718493 6073.6 1.03814541
6075.1 1.01106576 6084.0 1.00362937 6084.0 1.03510921 6084.0 1.03899174 6075.1 1.04075699
6076.5 1.00883947 6085.5 0.98591302 6085.5 1.02112061 6085.5 1.03931346 6076.5 1.04054452
6078.0 1.00770586 6087.1 1.00636104 6087.1 1.02902709 6087.1 1.03977645 6078.0 1.0412897
6079.5 1.00443308 6088.6 0.99404134 6088.6 1.00117946 6088.6 1.03917754 6079.5 1.04213512
6081.0 1.00131389 6090.2 0.99667869 6090.2 1.01535827 6090.2 1.03953369 6081.0 1.04017067
60
Appendix A9. Processed XANES spectra for Cr standards, samples and experiments
6082.5 0.99653429 6091.8 0.99134151 6091.8 1.00671536 6091.8 1.03917677 6082.5 1.04093937
6084.0 0.99012904 6093.4 0.98718977 6093.4 1.00977612 6093.4 1.03743519 6084.0 1.04255087
6085.5 0.99216589 6095.0 1.02182755 6095.0 1.00552989 6095.0 1.03604981 6085.5 1.04339344
6087.1 0.99498553 6096.6 1.06543203 6096.6 0.99976401 6096.6 1.03368746 6087.1 1.04835132
6088.6 1.00077848 6098.2 1.08713248 6098.2 1.01211079 6098.2 1.03198038 6088.6 1.05626206
6090.2 1.00847166 6099.8 1.08634151 6099.8 1.00279661 6099.8 1.02975575 6090.2 1.0721974
6091.8 1.01958034 6101.5 1.08592148 6101.5 1.00186051 6101.5 1.02609886 6091.8 1.08578076
6093.4 1.02624167 6103.2 1.10853884 6103.2 0.9979975 6103.2 1.02040751 6093.4 1.10232674
6095.0 1.03415933 6104.8 1.08177297 6104.8 0.99078625 6104.8 1.01382386 6095.0 1.11841536
6096.6 1.03760654 6106.5 1.0937802 6106.5 0.98331596 6106.5 1.0083696 6096.6 1.12877923
6098.2 1.03928226 6108.2 1.0857499 6108.2 1.0029839 6108.2 1.00301186 6098.2 1.13415727
6099.8 1.03690179 6109.9 1.05574221 6109.9 0.99879949 6109.9 0.99859524 6099.8 1.12643554
6101.5 1.03011612 6111.7 1.02657404 6111.7 0.99689745 6111.7 0.99593366 6101.5 1.09291402
6103.2 1.02488489 6113.4 1.04436311 6113.4 0.98912068 6113.4 0.99464226 6103.2 1.03679589
6104.8 1.01512578 6115.2 1.02674008 6115.2 0.99323516 6115.2 0.99594298 6104.8 0.98890939
6106.5 1.00375618 6116.9 1.0186885 6116.9 0.98477932 6116.9 0.99583429 6106.5 0.94414932
6108.2 0.99492531 6118.7 1.01851686 6118.7 0.99745799 6118.7 0.99830086 6108.2 0.91097451
6109.9 0.98457435 6120.5 0.98502943 6120.5 0.99949782 6120.5 1.00064839 6109.9 0.88363533
6111.7 0.975221 6122.3 0.97810491 6122.3 0.97759356 6122.3 1.00336619 6111.7 0.8762253
6113.4 0.97124754 6124.1 0.95385329 6124.1 0.9941184 6124.1 1.00535473 6113.4 0.86818677
6115.2 0.96828415 6125.9 0.96345651 6125.9 0.98986727 6115.2 0.86450283
6116.9 0.96882128 6127.7 0.96720277 6127.7 0.98640722 6116.9 0.86445045
6118.7 0.97002129 6129.6 0.99216731 6129.6 0.99225657 6118.7 0.87520946
6120.5 0.97257728 6131.4 0.95747533 6131.4 0.99152421 6120.5 0.899636
6122.3 0.97652634 6133.3 0.9653488 6133.3 0.99939683 6122.3 0.93742833
6124.1 0.97892491 6135.2 0.98072094 6135.2 0.99922083 6124.1 0.96466435
6125.9 0.98325991 6137.1 0.97289438 6137.1 1.00537086 6125.9 0.98085613
6127.7 0.98638033 6139.0 0.97436028 6139.0 1.01806057 6127.7 0.99310863
6129.6 0.99121412 6140.9 0.97034244 6140.9 1.00614939 6129.6 0.99877599
6131.4 0.98837345 6142.9 0.97833497 6142.9 1.00829914 6131.4 0.99227917
6133.3 0.98633245 6144.8 0.99009782 6144.8 1.01919253 6133.3 0.99226903
6135.2 0.98523696 6146.8 0.99460741 6146.8 1.02560325 6135.2 0.99479601
6137.1 0.99338811 6148.7 1.00379449 6148.7 1.01980768 6137.1 1.00688796
6139.0 0.99148129 6150.7 1.00164311 6150.7 1.02617552 6139.0 1.00739781
6140.9 1.00125388 6152.7 0.99134748 6152.7 1.02464306 6140.9 1.01471433
6142.9 0.99979353 6154.7 1.00321284 6154.7 1.02359566 6142.9 1.02319252
6144.8 1.00203681 6156.7 1.01540284 6156.7 1.02701921 6144.8 1.02856854
6146.8 1.01576065 6158.8 0.9975356 6158.8 1.02768971 6146.8 1.03529521
6148.7 1.01024884 6160.8 1.02366747 6160.8 1.02794183 6148.7 1.04224818
6150.7 1.01785299 6162.9 1.00509949 6162.9 1.02386683 6150.7 1.04946782
6152.7 1.01986153 6164.9 1.00220982 6164.9 1.01749973 6152.7 1.05077219
6154.7 1.02239472 6167.0 1.00543968 6167.0 1.02512747 6154.7 1.05589887
6156.7 1.02626392 6169.1 1.01206155 6169.1 1.00859095 6156.7 1.05717692
6158.8 1.02783117 6171.2 1.00100416 6171.2 1.01560692 6158.8 1.05773613
6160.8 1.02982661 6173.3 0.98761198 6173.3 1.01113166 6160.8 1.0553785
6162.9 1.03022787 6175.4 0.96525524 6175.4 1.00985557 6162.9 1.0546085
6164.9 1.0294778 6177.6 0.98251078 6177.6 1.00373696 6164.9 1.0500668
6167.0 1.02687961 6179.7 1.01512675 6179.7 1.00317162 6167.0 1.04497413
6169.1 1.02282948 6181.9 1.01238668 6181.9 0.9971683 6169.1 1.02945625
6171.2 1.01667081 6184.1 1.01886328 6184.1 1.00083072 6171.2 1.02409572
6173.3 1.0111414 6186.3 1.00658082 6186.3 1.00813806 6173.3 1.01000561
6175.4 1.00400587 6188.5 0.98583104 6188.5 0.99702185 6175.4 1.00666451
6177.6 0.99909059 6190.7 0.99961946 6190.7 1.00475053 6177.6 1.02792699
6179.7 0.99850839 6192.9 0.99736795 6192.9 0.99448401 6179.7 1.00705388
6181.9 0.99474762 6195.1 1.01223267 6195.1 0.9974354 6181.9 0.97312618
6184.1 0.9933274 6197.4 0.98338671 6197.4 1.00075297 6184.1 0.9601483
6186.3 0.99099277 6199.6 0.99209209 6199.6 0.99741225 6186.3 0.96367425
6188.5 0.99210541 6201.9 0.98934164 6201.9 1.00228333 6188.5 0.99088549
6190.7 0.99086684 6204.2 0.99269163 6204.2 0.98577974 6190.7 0.99848484
6192.9 0.99112849 6206.5 1.00818926 6206.5 0.99593931 6192.9 0.99817021
6195.1 0.99497631 6208.8 0.97574929 6208.8 1.00245363 6195.1 0.99675559
6197.4 0.99505682 6211.1 0.99785789 6211.1 0.99455511 6197.4 0.99518646
6199.6 0.99606779 6213.5 1.01128253 6213.5 0.99251131 6199.6 0.99407394
6201.9 0.99592401 6215.8 1.00660457 6215.8 1.01351195 6201.9 0.99613915
6204.2 0.9937331 6218.2 0.99139341 6218.2 1.00146649 6204.2 0.99356329
6206.5 0.99407409 6220.5 1.0037015 6220.5 1.00153943 6206.5 0.99340556
6208.8 0.99347125 6222.9 1.01722112 6222.9 1.00508104 6208.8 1.00848768
6211.1 0.9895649 6211.1 0.86380638
61
Appendix A9. Processed XANES spectra for Cr standards, samples and experiments
6213.5 0.98998891 6213.5 0.99259689
6215.8 0.98977105 6215.8 0.98909781
6218.2 0.9899137 6218.2 0.99178497
6220.5 0.99301878 6220.5 0.99637203
6222.9 0.99564639 6222.9 1.00294028
6225.3 0.99902248 6225.3 1.0077346
6227.7 1.0025616 6227.7 1.01265913
6230.2 1.00734492 6230.2 1.01854356
6232.6 1.00988032 6232.6 1.01830099
6235.0 1.01386459 6235.0 1.02414445
6237.5 1.01668425 6237.5 1.0277208
6240.0 1.01833704 6240.0 1.0293229
6242.4 1.01969695 6242.4 1.03335817
6244.9 1.02021682 6244.9 1.02736164
6247.4 1.01784595 6247.4 1.02520795
6250.0 1.01473163 6250.0 1.02242637
6252.5 1.01164338 6252.5 1.01919094
6255.0 1.00728331 6255.0 1.01520979
6257.6 1.00203309 6257.6 1.015829
6260.1 0.99741938 6260.1 1.01200058
6262.7 0.99377546 6262.7 1.00111188
6265.3 0.99277287 6265.3 0.99723084
6267.9 0.99307828 6267.9 0.9952931
6270.5 0.99624157 6270.5 0.99238691
6273.2 0.9959792 6273.2 0.99081907
6275.8 0.99457654 6275.8 0.99188695
6278.4 0.99343011 6278.4 0.99237504
6281.1 0.99589039 6281.1 0.9921664
6283.8 0.99524184 6283.8 0.99087441
6286.5 0.99892689 6286.5 0.99501222
6289.2 0.99630109 6289.2 0.9990204
6291.9 1.00124342 6291.9 0.99935839
6294.6 1.00690952 6294.6 0.99988926
6297.4 1.00637587 6297.4 0.99703264
6300.1 1.00015904 6300.1 0.9964827
6302.9 0.99616759 6302.9 0.99615976
6305.6 0.99525622 6305.6 0.99853854
6308.4 0.99496472 6308.4 0.99848866
6311.2 0.99746597 6311.2 1.00049196
6314.0 0.9988579 6314.0 1.00266048
6316.9 0.99983553 6316.9 1.00450013
6319.7 1.00107737 6319.7 1.00544093
6322.5 1.00289736 6322.5 1.007231
6325.4 1.00347721 6325.4 1.00886895
6328.3 1.0076739 6328.3 1.00846596
6331.1 1.00612317 6331.1 1.01518169
6334.0 1.00673764 6334.0 1.01971507
6337.0 1.00706131 6337.0 1.01160203
6339.9 1.00644898 6339.9 1.0103144
6342.8 1.00766996 6342.8 1.0094984
6345.7 1.00643472 6345.7 1.00970714
6348.7 1.00413395 6348.7 1.0071922
6351.7 1.00294218 6351.7 1.00665317
6354.7 1.00201903 6354.7 1.00410035
6357.6 1.00188073 6357.6 1.00540559
6360.7 1.00211122 6360.7 1.00340279
6363.7 0.99928111 6363.7 1.00110676
6366.7 0.99909003 6366.7 1.00353685
6369.7 0.99748532 6369.7 1.00174262
6372.8 0.99863618 6372.8 0.99723225
6375.9 0.9964529 6375.9 0.996012
6378.9 0.997507 6378.9 0.9951077
6382.0 0.99754403 6382.0 0.99484844
6385.1 0.99779921 6385.1 0.99472139
6388.3 0.99834684 6388.3 0.99552362
6391.4 0.99823647 6391.4 0.99594663
6394.5 0.99942605 6394.5 0.99467144
6397.7 0.99960102 6397.7 0.99667058
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6400.8 0.99904277 6400.8 0.99708139
6404.0 0.99977409 6404.0 0.99762961
6407.2 1.0003547 6407.2 0.99848109
6410.4 1.00933166 6410.4 0.99963802
6413.6 1.00001589 6413.6 1.00010105
6416.8 1.00020155 6416.8 1.00125374
6420.1 1.00064399 6420.1 1.0003643
6423.3 1.00089711 6423.3 1.0002899
6426.6 1.00035701 6426.6 1.00098447
6429.9 1.00070214 6429.9 1.00220197
6433.1 1.00158146 6433.1 1.00245599
6436.4 1.00122722 6436.4 1.00273606
6439.7 1.00544089 6439.7 1.00376621
6443.1 1.00908916 6443.1 1.0022275
6446.4 1.00404419 6446.4 1.00256046
6449.8 1.00508821 6449.8 1.00415455
6453.1 1.0012495 6453.1 1.00322415
6456.5 1.0002606 6456.5 1.00390298
6459.9 0.99924417 6459.9 1.00765189
6463.3 0.99844479 6463.3 1.00285745
6466.7 0.99939995 6466.7 0.9988017
6470.1 0.99787488 6470.1 0.9985856
6473.5 0.99868242 6473.5 0.998317
6477.0 0.99796037 6477.0 0.99873825
6480.4 0.99772282 6480.4 0.99950497
6483.9 0.9996036 6483.9 0.99914852
6487.4 0.99989511 6487.4 0.99791245
6490.9 1.00079197 6490.9 0.99633714
6494.4 0.99885602 6494.4 0.99685248
6497.9 0.99721072 6497.9 0.99187096
6501.4 0.9979213 6501.4 0.9974528
6505.0 0.99605489 6505.0 0.99908402
6508.5 0.99585263 6508.5 0.99966695
6512.1 0.99593453 6512.1 0.99860842
6515.7 0.99565406 6515.7 0.99652789
6519.2 0.99582235 6519.2 0.99640693
6522.8 0.99534003 6522.8 0.99757534
6526.5 0.99497931 6526.5 0.99996629
6530.1 0.99373102 6530.1 1.00866635
6533.7 0.99373131 6533.7 1.0097313
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
Energy 
(eV)
Normalised 
intensity
5838.8 -0.08387798 5838.8 -0.05491996 5838.8 0.00551886 5838.8 0.00455586 5838.8 0.00017099
5844.3 -0.03961605 5844.3 -0.03868669 5844.3 0.00359098 5844.3 0.00358369 5844.3 -0.00016594
5849.8 0.01028927 5849.8 0.00622881 5849.8 0.00247998 5849.8 0.00140938 5849.8 0.00029052
5855.4 0.01994021 5855.4 0.04607707 5855.4 0.00084027 5855.4 -0.00098357 5855.4 -0.00032269
5860.9 0.05676321 5860.9 0.05461343 5860.9 -0.00109059 5860.9 -0.00186346 5860.9 0.00023178
5866.5 0.10884349 5866.5 0.08136287 5866.5 -0.00192218 5866.5 -0.00288915 5866.5 -3.995E-05
5872.1 0.16623221 5872.1 0.03221117 5872.1 -0.00212008 5872.1 -0.00261658 5872.1 -0.00017685
5883.3 0.12543316 5883.3 0.02548563 5883.3 -0.00259781 5883.3 -0.00324863 5877.7 0.00105287
5894.5 -0.36643558 5894.5 -0.15624555 5894.5 -0.0039983 5894.5 -0.00164667 5883.3 -0.00014779
5900.2 -2.71393658 5900.2 -0.29889723 5900.2 -0.00324621 5900.2 -0.00199069 5888.9 0.00056097
5905.8 0.94763799 5905.8 -3.7630985 5905.8 -0.00368594 5905.8 -0.00078355 5894.5 -0.00034127
5911.5 0.60318495 5911.5 1.27933408 5911.5 -0.00329255 5911.5 -0.00027775 5900.2 -0.00018547
5917.2 0.61330004 5917.2 0.96799543 5917.2 -0.00229907 5917.2 -9.0744E-05 5905.8 -0.00096961
5922.9 0.86081987 5922.9 1.08377297 5922.9 -0.00015671 5922.9 0.00256887 5911.5 -0.00048791
5928.6 0.61084608 5928.6 0.65652554 5928.6 -0.00045067 5928.6 0.00430313 5917.2 -0.00068841
5934.3 0.5586125 5934.3 0.65312998 5934.3 0.00046371 5934.3 0.00642041 5922.9 -0.00017993
5940.0 0.59994429 5940.0 0.6778469 5940.0 0.00220752 5940.0 0.00948279 5928.6 -0.00020623
5945.7 0.6070164 5945.7 0.64576776 5945.7 0.00382064 5945.7 0.01177855 5934.3 0.00041915
5951.5 0.61986119 5951.5 0.65237945 5951.5 0.00593813 5951.5 0.01478213 5940.0 0.00064498
5957.2 0.6250086 5957.2 0.62844609 5957.2 0.00802366 5957.2 0.01727046 5945.7 0.00054249
5967.0 0.61478048 5967.0 0.68186794 5967.0 0.01250074 5967.0 0.02367058 5951.5 0.00096658
5967.6 0.62501414 5967.6 0.67232951 5967.6 0.01289064 5967.6 0.023947 5957.2 0.00113655
5968.1 0.65787733 5968.1 0.67454914 5968.1 0.01291724 5968.1 0.0244971 5967.0 0.0018683
5968.6 0.64060207 5968.6 0.67213838 5968.6 0.01241403 5968.6 0.02423902 5967.6 0.00239135
K2Cr2O7 Cr foilBoron nitride blank Boron nitride blank (2) CrCl3
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5969.1 0.65606763 5969.1 0.69746699 5969.1 0.0130143 5969.1 0.02402206 5968.1 0.00212099
5969.6 0.63582314 5969.6 0.68735115 5969.6 0.01366943 5969.6 0.0247281 5968.6 0.00234869
5970.1 0.65253847 5970.1 0.70874187 5970.1 0.01331939 5970.1 0.02420578 5969.1 0.00253136
5970.6 0.68011401 5970.6 0.69852628 5970.6 0.01315883 5970.6 0.0244268 5969.6 0.002234
5978.9 0.64433972 5978.9 0.69504852 5978.9 0.01716086 5977.8 0.03164268 5970.1 0.00214804
5979.4 0.64902347 5979.4 0.68143901 5979.4 0.01700668 5978.4 0.03207929 5970.6 0.00257431
5979.9 0.65093691 5979.9 0.68379542 5979.9 0.01754948 5978.9 0.03223972 5971.2 0.00367913
5980.4 0.63935102 5980.4 0.68045727 5980.4 0.01752417 5979.4 0.03310825 5971.7 0.00325971
5980.9 0.65905961 5980.9 0.65195616 5980.9 0.01821714 5979.9 0.0341905 5972.2 0.00298621
5981.5 0.65392855 5981.5 0.68810919 5981.5 0.01852479 5980.4 0.03473755 5972.7 0.00369449
5982.0 0.66466096 5982.0 0.67761529 5982.0 0.0186803 5980.9 0.03609962 5973.2 0.003588
5982.5 0.65312794 5982.5 0.69351847 5982.5 0.01914729 5981.5 0.03648083 5973.7 0.00417587
5983.0 0.66797205 5983.0 0.69125966 5983.0 0.01960646 5982.0 0.03717978 5974.2 0.00385291
5983.5 0.66724219 5983.5 0.68123614 5983.5 0.02060425 5982.5 0.03804225 5974.8 0.00458297
5984.0 0.67715165 5984.0 0.70876793 5984.0 0.02086019 5983.0 0.03881548 5975.3 0.00532784
5988.2 0.77775805 5988.2 0.83104586 5988.2 0.03197766 5983.5 0.0408038 5975.8 0.00646407
5988.7 0.73806852 5988.7 0.78100895 5988.7 0.03827711 5984.0 0.04199886 5976.3 0.00708484
5989.2 0.72664329 5989.2 0.76140965 5989.2 0.04643477 5988.2 0.06871936 5976.8 0.00603696
5989.7 0.72234869 5989.7 0.74489567 5989.7 0.04715546 5988.7 0.07959628 5978.9 0.0059807
5990.2 0.7037437 5990.2 0.74405146 5990.2 0.04422714 5989.2 0.09572741 5979.4 0.00653345
5990.8 0.71804603 5990.8 0.73458004 5990.7 0.04286656 5989.7 0.12454903 5979.9 0.00640903
5991.3 0.71210815 5991.3 0.75596761 5991.3 0.04730824 5990.2 0.1863024 5980.4 0.00688575
5991.8 0.72396075 5991.8 0.75301815 5991.8 0.05175342 5990.8 0.30517448 5980.9 0.00747541
5992.3 0.72715543 5992.3 0.7689953 5992.3 0.0586727 5991.3 0.46311693 5981.5 0.00744128
5992.8 0.74229271 5992.8 0.78890516 5992.8 0.06334824 5991.8 0.75367698 5982.0 0.00791841
5993.3 0.74587744 5993.3 0.78128382 5993.3 0.06384205 5992.3 1.29138602 5982.5 0.00839983
5993.9 0.72326586 5993.9 0.76907266 5993.9 0.07012381 5992.8 1.62314241 5983.0 0.00883574
5994.4 0.74155615 5994.4 0.73963028 5994.4 0.08060139 5993.3 1.09288528 5983.5 0.01017516
5994.9 0.72317401 5994.9 0.74757322 5994.9 0.09529075 5993.9 0.58534839 5984.0 0.01025946
5995.4 0.71690933 5995.4 0.76445776 5995.4 0.11909061 5994.4 0.37143227 5984.5 0.01179919
5995.9 0.73262898 5995.9 0.74785247 5995.9 0.15612971 5994.9 0.27746788 5985.1 0.01309399
5996.5 0.73691069 5996.5 0.76644826 5996.4 0.23366784 5995.4 0.22826807 5985.6 0.01394447
5997.0 0.736642 5997.0 0.76998818 5997.0 0.39943401 5995.9 0.20322501 5986.1 0.01627714
5997.5 0.74492704 5997.5 0.78411936 5997.5 0.79185426 5996.5 0.19292168 5986.6 0.02092264
5998.0 0.76801613 5998.0 0.81293676 5998.0 1.29001816 5997.0 0.19542086 5987.1 0.02747672
5998.5 0.7993773 5998.5 0.84597395 5998.5 1.36089959 5997.5 0.2076663 5987.6 0.03791671
5999.0 0.80272049 5999.0 0.87111636 5999.0 1.32778134 5998.0 0.22874246 5988.2 0.06461234
5999.6 0.84398704 5999.6 0.90041008 5999.6 1.38672635 5998.5 0.25577049 5988.7 0.10932911
6000.1 0.86274045 6000.1 0.93709375 6000.1 1.56384673 5999.0 0.28411772 5989.2 0.1474909
6000.6 0.89264045 6000.6 0.96726411 6000.6 1.79024704 5999.6 0.31435008 5989.7 0.17788466
6001.1 0.8885257 6001.1 0.96784679 6001.1 1.90146844 6000.1 0.34293379 5990.2 0.20656844
6001.6 0.90033392 6001.6 0.99106684 6001.6 1.88288263 6000.6 0.36787718 5990.8 0.23215334
6002.2 0.91191663 6002.2 1.0056878 6002.2 1.73101678 6001.1 0.38229512 5991.3 0.25906493
6002.7 0.92284413 6002.7 1.02020574 6002.7 1.52768516 6001.6 0.38975414 5991.8 0.28471046
6003.2 0.965763 6003.2 1.04317132 6003.2 1.34822591 6002.2 0.39779503 5992.3 0.3082131
6003.7 0.96484061 6003.7 1.06045863 6003.7 1.20343596 6002.7 0.41669715 5992.8 0.32588045
6004.2 0.97665187 6004.2 1.07651144 6004.2 1.11624298 6003.2 0.44987783 5993.3 0.33629535
6004.8 0.98864098 6004.8 1.08211164 6004.8 1.10356366 6003.7 0.50003589 5993.9 0.34348499
6005.3 1.00826658 6005.3 1.11553272 6005.3 1.1583607 6004.2 0.55598164 5994.4 0.34311843
6005.8 1.0116769 6005.8 1.13806276 6005.8 1.25846501 6004.8 0.60866155 5994.9 0.33989088
6006.3 1.02830962 6006.3 1.15101395 6006.3 1.35829217 6005.3 0.67184643 5995.4 0.340176
6006.8 1.02552938 6006.8 1.14841163 6006.8 1.41251952 6005.8 0.75232513 5995.9 0.35507289
6007.4 1.03835801 6007.4 1.14010794 6007.4 1.42630945 6006.3 0.84433004 5996.4 0.38269425
6007.9 1.04558486 6007.9 1.15316299 6007.9 1.43918301 6006.8 0.94679438 5997.0 0.43580458
6008.4 1.04120511 6008.4 1.16178206 6008.4 1.469529 6007.4 1.04599597 5997.5 0.494213
6008.9 1.04830528 6008.9 1.18025315 6008.9 1.51458626 6007.9 1.13590247 5998.0 0.56542885
6009.4 1.06460958 6009.4 1.18112478 6009.4 1.554736 6008.4 1.2184847 5998.5 0.6406471
6010.0 1.04895377 6010.0 1.19767685 6010.0 1.5831613 6008.9 1.28579787 5999.0 0.71091676
6010.5 1.05630671 6010.5 1.17878108 6010.5 1.59822599 6009.4 1.33603824 5999.6 0.77976073
6011.0 1.05537656 6011.0 1.17997232 6011.0 1.60749176 6010.0 1.37366981 6000.1 0.84424224
6011.5 1.03203346 6011.5 1.15726029 6011.5 1.61783619 6010.5 1.39467006 6000.6 0.90079432
6012.1 1.0329167 6012.1 1.15178071 6012.1 1.63019685 6011.0 1.4108603 6001.1 0.95716211
6012.6 1.02253891 6012.6 1.15943471 6012.6 1.63928732 6011.5 1.43007312 6001.6 1.00823291
6013.1 1.02417607 6013.1 1.13266143 6013.1 1.6337704 6012.0 1.44801856 6002.2 1.06287371
6013.6 1.02351187 6013.6 1.10666269 6013.6 1.61300855 6012.6 1.46532205 6002.7 1.11076184
6014.1 1.0178899 6014.1 1.10101824 6014.1 1.58439042 6013.1 1.48004593 6003.2 1.15732279
6014.7 0.99941629 6014.7 1.09419644 6014.7 1.55608952 6013.6 1.49213702 6003.7 1.21212856
6015.2 1.01710788 6015.2 1.10447035 6015.2 1.52951571 6014.1 1.5029078 6004.2 1.27159629
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6015.7 1.00743501 6015.7 1.10111554 6015.7 1.51095795 6014.7 1.51572639 6004.8 1.32551838
6016.2 1.00776755 6016.2 1.0825885 6016.2 1.50080962 6015.2 1.52357442 6005.3 1.38533802
6016.7 0.99370052 6016.7 1.08423948 6016.7 1.49841906 6015.7 1.53010273 6005.8 1.45001756
6017.3 0.98765114 6017.3 1.08517982 6017.3 1.50334009 6016.2 1.53345686 6006.3 1.5106114
6017.8 0.99577924 6017.8 1.07322614 6017.8 1.50949522 6016.7 1.53288071 6006.8 1.57752442
6018.3 0.98053534 6018.3 1.07945134 6018.3 1.51629096 6017.3 1.53247118 6007.4 1.6616763
6018.8 0.98565093 6018.8 1.09359473 6018.8 1.51994106 6017.8 1.53258143 6007.9 1.74422794
6019.4 0.99996318 6019.4 1.08750139 6019.4 1.5223071 6018.3 1.53271379 6008.4 1.79647786
6019.9 0.98800257 6019.9 1.09128959 6019.9 1.52027608 6018.8 1.53681454 6008.9 1.79093372
6020.4 0.98564325 6020.4 1.08449968 6020.4 1.51452482 6019.4 1.54132661 6009.4 1.73894405
6020.9 0.98657229 6020.9 1.08999892 6020.9 1.50858678 6019.9 1.55029804 6010.0 1.64972439
6021.5 0.98456246 6021.5 1.08225968 6021.5 1.50446745 6020.4 1.56083482 6010.5 1.54246149
6022.0 0.98677821 6022.0 1.06651448 6022.0 1.50084673 6020.9 1.57328682 6011.0 1.44235294
6022.5 0.98124119 6022.5 1.07538835 6022.5 1.49451682 6021.5 1.58617361 6011.5 1.36292675
6023.0 0.99553676 6023.0 1.06720143 6023.0 1.4872225 6022.0 1.59982835 6012.1 1.29479646
6024.0 0.99817363 6024.0 1.08077932 6024.0 1.46385174 6022.5 1.61454401 6012.6 1.24635099
6024.9 0.9893143 6024.9 1.07848595 6024.9 1.42946444 6023.0 1.62627902 6013.1 1.21414461
6025.8 0.98850625 6025.8 1.05461735 6025.8 1.38542447 6024.0 1.6456557 6013.6 1.20247473
6026.8 0.97570585 6026.8 1.04959384 6026.8 1.35372083 6024.9 1.66604269 6014.1 1.20665324
6027.8 0.97629384 6027.8 1.04458053 6027.8 1.33187485 6025.8 1.6849519 6014.7 1.22530483
6028.7 0.96537811 6028.7 1.04049172 6028.7 1.3128655 6026.8 1.70084428 6015.2 1.25053789
6029.7 0.96032057 6029.7 1.02277809 6029.7 1.28845398 6027.8 1.71847975 6015.7 1.28477875
6030.7 0.95444309 6030.7 1.02541049 6030.7 1.2587714 6028.7 1.73515416 6016.2 1.32591622
6031.8 0.95405452 6031.8 1.01268706 6031.8 1.22256089 6029.7 1.74831953 6016.7 1.37175399
6032.8 0.94375384 6032.8 1.00426483 6032.8 1.17785479 6030.7 1.75611876 6017.3 1.40925237
6033.8 0.9498664 6033.8 1.00045553 6033.8 1.12557126 6031.8 1.76184833 6017.8 1.43600277
6034.9 0.94519803 6034.9 0.99182804 6034.9 1.07753606 6032.8 1.76371225 6018.3 1.44978109
6036.0 0.92718844 6036.0 0.99707797 6036.0 1.04152744 6033.8 1.7669759 6018.8 1.46185582
6037.0 0.9370784 6037.0 0.98092555 6037.0 1.02425045 6034.9 1.76408236 6019.4 1.45927798
6038.1 0.94311925 6038.1 0.99001222 6038.1 1.02403959 6036.0 1.75883759 6019.9 1.444546
6039.2 0.9316922 6039.2 0.99508827 6039.2 1.03667545 6037.0 1.74825777 6020.4 1.4276989
6040.3 0.93042883 6040.3 0.99439983 6040.3 1.05610357 6038.1 1.73429891 6020.9 1.40680509
6041.5 0.93482041 6041.5 0.98145634 6041.5 1.07053357 6039.2 1.7160149 6021.5 1.38531679
6042.6 0.93380474 6042.6 0.98410772 6042.6 1.07789254 6040.3 1.69223564 6022.0 1.37056653
6043.8 0.94722229 6043.8 0.9999895 6043.8 1.08497082 6041.5 1.66679448 6022.5 1.36066729
6044.9 0.93286657 6044.9 1.00738837 6044.9 1.09267368 6042.6 1.64179017 6023.0 1.35955553
6046.1 0.95174015 6046.1 0.99181301 6046.1 1.10280559 6043.8 1.61307797 6024.0 1.38282969
6047.3 0.93946007 6047.3 1.0041887 6047.3 1.11749965 6044.9 1.58207441 6024.9 1.42788166
6048.5 0.94513869 6048.5 0.983989 6048.5 1.14079573 6046.1 1.55626935 6025.8 1.48464312
6049.7 0.94118711 6049.7 0.98938971 6049.7 1.1719112 6047.3 1.53784674 6026.8 1.526819
6050.9 0.93862371 6050.9 1.00073345 6050.9 1.20763287 6048.5 1.52167114 6027.8 1.56292271
6052.2 0.9530214 6052.2 1.00617992 6052.2 1.23431904 6049.7 1.4924373 6028.7 1.59133454
6053.4 0.94079065 6053.4 1.00750746 6053.4 1.24732465 6050.9 1.45963023 6029.7 1.61352566
6054.7 0.95014899 6054.7 1.00354573 6054.7 1.25232723 6052.2 1.4306869 6030.7 1.62781856
6056.0 0.9549324 6056.0 1.00789959 6056.0 1.25337732 6053.4 1.40503082 6031.8 1.6283382
6057.2 0.9616503 6057.2 1.01764427 6057.2 1.25749403 6054.7 1.38421654 6032.8 1.63229029
6058.5 0.95562196 6058.5 1.26374885 6056.0 1.36588264 6033.8 1.64226735
6059.8 0.96085093 6059.8 1.27199712 6057.2 1.3507254 6034.9 1.65966612
6061.2 0.95170772 6061.2 1.28160604 6058.5 1.33949814 6036.0 1.68531609
6062.5 0.96614668 6062.5 1.29063596 6059.8 1.33011325 6037.0 1.71633952
6063.9 0.96053254 6063.9 1.30643809 6061.2 1.32062188 6038.1 1.73815363
6065.2 0.95701385 6065.2 1.32840227 6062.5 1.31208785 6039.2 1.74175869
6066.6 0.95735723 6066.6 1.3591669 6063.9 1.30609857 6040.3 1.7270106
6068.0 0.96584419 6068.0 1.39294454 6065.2 1.29956604 6041.5 1.70099983
6069.4 0.96202376 6069.4 1.41986212 6066.6 1.29479566 6042.6 1.67961159
6070.8 0.95737179 6070.8 1.43607819 6068.0 1.29010353 6043.8 1.66063393
6072.2 0.96962134 6072.2 1.44045456 6069.4 1.28491437 6044.9 1.64389527
6073.6 0.96372389 6073.6 1.42591023 6070.8 1.28032405 6046.1 1.61496848
6075.1 0.94981082 6075.1 1.39280302 6072.2 1.27752715 6047.3 1.57807407
6076.5 0.95660501 6076.5 1.34478247 6073.6 1.2746341 6048.5 1.5354507
6078.0 0.9566365 6078.0 1.29102266 6075.1 1.27327029 6049.7 1.47461347
6079.5 0.95680382 6079.5 1.23617617 6076.5 1.27380211 6050.9 1.4171024
6081.0 0.96330885 6081.0 1.18592208 6078.0 1.27317418 6052.2 1.36685879
6082.5 0.96991647 6082.5 1.14072751 6079.5 1.27541243 6053.4 1.31677355
6084.0 0.95600554 6084.0 1.10154479 6081.0 1.27821256 6054.7 1.27780604
6085.5 0.95665 6085.5 1.0675817 6082.5 1.28196811 6056.0 1.25073477
6087.1 0.94892258 6087.1 1.04038504 6084.0 1.28321636 6057.2 1.22811016
6088.6 0.95175292 6088.6 1.02140193 6085.5 1.28538988 6058.5 1.21079746
65
Appendix A9. Processed XANES spectra for Cr standards, samples and experiments
6090.2 0.94858267 6090.2 1.0086 6087.1 1.28906617 6059.8 1.20478381
6091.8 0.95080898 6091.8 1.00392397 6088.6 1.29026716 6061.2 1.214054
6093.4 0.94873801 6093.4 1.00248454 6090.2 1.29044205 6062.5 1.2472992
6095.0 0.94571862 6095.0 1.00741778 6091.8 1.28987575 6063.9 1.28538335
6096.6 0.95058275 6096.6 1.01356853 6093.4 1.29135953 6065.2 1.33823655
6098.2 0.9506444 6098.2 1.02109079 6095.0 1.29010487 6066.6 1.39896617
6099.8 0.95384242 6099.8 1.03212124 6096.6 1.29104402 6068.0 1.47587746
6101.5 0.94986838 6101.5 1.0444737 6098.2 1.29116717 6069.4 1.54695145
6103.2 0.94987648 6103.2 1.05540935 6099.8 1.29314854 6070.8 1.57917777
6104.8 0.95265265 6104.8 1.06625152 6101.5 1.2944036 6072.2 1.56259163
6106.5 0.94642422 6106.5 1.07783911 6103.2 1.29677186 6073.6 1.50778976
6108.2 0.9500656 6108.2 1.08922423 6104.8 1.2983684 6075.1 1.44438112
6109.9 0.95368228 6109.9 1.09862897 6106.5 1.30015197 6076.5 1.37474565
6111.7 0.95098308 6111.7 1.10706558 6108.2 1.30297838 6078.0 1.30575922
6113.4 0.94992309 6113.4 1.11524276 6109.9 1.30342443 6079.5 1.24248407
6115.2 0.95542859 6115.2 1.12203159 6111.7 1.30443259 6081.0 1.18240898
6116.9 0.94795227 6116.9 1.12566916 6113.4 1.30626607 6082.5 1.13852234
6118.7 0.95255416 6118.7 1.12397408 6115.2 1.30604021 6084.0 1.11872399
6120.5 0.95502431 6120.5 1.1238995 6116.9 1.30630185 6085.5 1.13211076
6122.3 0.94891398 6122.3 1.12635462 6118.7 1.30746024 6087.1 1.18087524
6124.1 0.95301184 6124.1 1.13160169 6120.5 1.30689147 6088.6 1.26301145
6125.9 0.94948002 6125.9 1.13498694 6122.3 1.30632167 6090.2 1.37266692
6127.7 0.95037533 6127.7 1.13698359 6124.1 1.30425326 6091.8 1.49468393
6129.6 0.95305813 6129.6 1.13825306 6125.9 1.30128616 6093.4 1.61668524
6131.4 0.95020162 6131.4 1.13779407 6127.7 1.29708897 6095.0 1.73545952
6133.3 0.95027649 6133.3 1.13754879 6129.6 1.29516344 6096.6 1.83694382
6135.2 0.95779035 6135.2 1.1399549 6131.4 1.28943663 6098.2 1.89814988
6137.1 0.95852746 6137.1 1.14101967 6133.3 1.28394266 6099.8 1.90344278
6139.0 0.95434476 6139.0 1.14014266 6135.2 1.27975327 6101.5 1.84268871
6140.9 0.95635802 6140.9 1.13663994 6137.1 1.27202959 6103.2 1.73641464
6142.9 0.95749163 6142.9 1.12844109 6139.0 1.2666819 6104.8 1.6098301
6144.8 0.96473185 6144.8 1.11650016 6140.9 1.25914591 6106.5 1.48940787
6146.8 0.96231981 6146.8 1.10091582 6142.9 1.25136106 6108.2 1.37657317
6148.7 0.96215909 6148.7 1.08516005 6144.8 1.242924 6109.9 1.28671335
6150.7 0.95884602 6150.7 1.07154703 6146.8 1.23551669 6111.7 1.22058101
6152.7 0.96656484 6152.7 1.05864057 6148.7 1.22761 6113.4 1.18882504
6154.7 0.96804562 6154.7 1.04875059 6150.7 1.21969421 6115.2 1.1733034
6156.7 0.96637474 6156.7 1.03728834 6152.7 1.21166847 6116.9 1.17784824
6158.8 0.96914418 6158.8 1.02837087 6154.7 1.20419372 6118.7 1.19663084
6160.8 0.96875806 6160.8 1.0188488 6156.7 1.19802716 6120.5 1.21298797
6162.9 0.97261143 6162.9 1.01118635 6158.8 1.1911962 6122.3 1.22394824
6164.9 0.97579314 6164.9 1.00592316 6160.8 1.1843431 6124.1 1.22588883
6167.0 0.97844062 6167.0 0.99880409 6162.9 1.17868213 6125.9 1.2079625
6169.1 0.9789565 6169.1 0.99470064 6164.9 1.1723711 6127.7 1.18421709
6171.2 0.97399047 6171.2 0.99038939 6167.0 1.16783227 6129.6 1.15896403
6173.3 0.97405755 6173.3 0.98557163 6169.1 1.16188864 6131.4 1.13742613
6175.4 0.97244581 6175.4 0.98395351 6171.2 1.15825293 6133.3 1.12632554
6177.6 0.97484866 6177.6 0.98142847 6173.3 1.15447598 6135.2 1.12868995
6179.7 0.97370105 6179.7 0.97780818 6175.4 1.15063649 6137.1 1.13817057
6181.9 0.97743174 6181.9 0.97609198 6177.6 1.14907299 6139.0 1.14911016
6184.1 0.97461238 6184.1 0.97393393 6179.7 1.14693868 6140.9 1.16031407
6186.3 0.97747819 6186.3 0.97450197 6181.9 1.14372591 6142.9 1.17140965
6188.5 0.97584694 6188.5 0.97580935 6184.1 1.1393139 6144.8 1.19244721
6190.7 0.97598184 6190.7 0.9788 6186.3 1.13660135 6146.8 1.22325183
6192.9 0.97464675 6192.9 0.98236442 6188.5 1.13298 6148.7 1.25437783
6195.1 0.9767513 6195.1 0.98665917 6190.7 1.13155158 6150.7 1.27307193
6197.4 0.97825367 6197.4 0.99092344 6192.9 1.12812464 6152.7 1.28497191
6199.6 0.98020001 6199.6 0.99663496 6195.1 1.12629886 6154.7 1.30061457
6201.9 0.97823275 6201.9 1.00228437 6197.4 1.12278454 6156.7 1.32649582
6204.2 0.9788249 6204.2 1.00845623 6199.6 1.12111464 6158.8 1.37368082
6206.5 0.97893769 6206.5 1.01424025 6201.9 1.11915402 6160.8 1.42983782
6208.8 0.98078642 6208.8 1.01884095 6204.2 1.11744478 6162.9 1.48958086
6211.1 0.97960811 6211.1 1.02146445 6206.5 1.11404553 6164.9 1.52077036
6213.5 0.97971563 6213.5 1.02326927 6208.8 1.11197376 6167.0 1.50938735
6215.8 0.98255295 6215.8 1.0228528 6211.1 1.11059477 6169.1 1.46603194
6218.2 0.98119182 6218.2 1.02029508 6213.5 1.10772241 6171.2 1.40372721
6220.5 0.9790046 6220.5 1.01681459 6215.8 1.10583366 6173.3 1.34141162
6222.9 0.98509136 6222.9 1.01250924 6218.2 1.10467032 6175.4 1.28605443
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6225.3 0.98342033 6225.3 1.00782606 6220.5 1.10300942 6177.6 1.2375881
6227.7 0.98778075 6227.7 1.0029894 6222.9 1.10156832 6179.7 1.19781416
6230.2 0.98581731 6230.2 0.99718106 6225.3 1.10060167 6181.9 1.17046144
6232.6 0.9885375 6232.6 0.99116777 6227.7 1.09897615 6184.1 1.15071764
6235.0 0.99025498 6235.0 0.98484969 6230.2 1.09681494 6186.3 1.13948884
6237.5 0.99010183 6237.5 0.97811223 6232.6 1.09507561 6188.5 1.1369832
6240.0 0.98938513 6240.0 0.9713092 6235.0 1.09238643 6190.7 1.12972584
6242.4 0.99383534 6242.4 0.96440621 6237.5 1.09037937 6192.9 1.12311795
6244.9 0.99431112 6244.9 0.95987549 6240.0 1.08837473 6195.1 1.11388503
6247.4 0.99444991 6247.4 0.95432098 6242.4 1.08675495 6197.4 1.10530218
6250.0 0.99942013 6250.0 0.94915849 6244.9 1.08538651 6199.6 1.096457
6252.5 0.99819014 6252.5 0.94475425 6247.4 1.08451679 6201.9 1.09417389
6255.0 1.00240989 6255.0 0.9413538 6250.0 1.08187752 6204.2 1.08459408
6257.6 0.99860705 6257.6 0.93901233 6252.5 1.08010464 6206.5 1.07276834
6260.1 1.00171644 6260.1 0.93827505 6255.0 1.07881859 6208.8 1.05213046
6262.7 1.00558837 6262.7 0.93936564 6257.6 1.07733562 6211.1 1.0323701
6265.3 1.00521208 6265.3 0.93988563 6260.1 1.07504459 6213.5 1.02146685
6267.9 1.0067633 6267.9 0.94104651 6262.7 1.07270677 6215.8 1.01512824
6270.5 1.00337705 6270.5 0.94267753 6265.3 1.07205332 6218.2 1.02415068
6273.2 1.00290047 6273.2 0.94460233 6267.9 1.0696929 6220.5 1.04176931
6275.8 1.00223874 6275.8 0.94569006 6270.5 1.06659067 6222.9 1.06593224
6278.4 0.99935788 6278.4 0.94668951 6273.2 1.06436166 6225.3 1.09294495
6281.1 0.99818071 6281.1 0.94749443 6275.8 1.06202532 6227.7 1.11958891
6283.8 0.99899194 6283.8 0.94931853 6278.4 1.05935196 6230.2 1.15501424
6286.5 0.99719488 6286.5 0.95039417 6281.1 1.05658795 6232.6 1.18885681
6289.2 0.99867916 6289.2 0.95196451 6283.8 1.05460215 6235.0 1.22180884
6291.9 0.99739612 6291.9 0.9531135 6286.5 1.05144565 6237.5 1.25275611
6294.6 0.99807572 6294.6 0.9537675 6289.2 1.04912609 6240.0 1.27756431
6297.4 0.99812712 6297.4 0.95334652 6291.9 1.04651447 6242.4 1.29371561
6300.1 0.99497226 6300.1 0.9533317 6294.6 1.04395317 6244.9 1.29398331
6302.9 0.99549875 6302.9 0.95401811 6297.4 1.04120366 6247.4 1.27667074
6305.6 0.99758645 6305.6 0.95519664 6300.1 1.03924268 6249.9 1.24118874
6308.4 0.99771736 6308.4 0.9561711 6302.9 1.03650196 6252.5 1.18901309
6311.2 0.99656246 6311.2 0.95726751 6305.6 1.03483734 6255.0 1.13449889
6314.0 0.9991023 6314.0 0.9573461 6308.4 1.03357304 6257.6 1.08717538
6316.9 0.99901232 6316.9 0.95792546 6311.2 1.03155874 6260.1 1.05681152
6319.7 0.99893636 6319.7 0.95775777 6314.0 1.02965447 6262.7 1.04466051
6322.5 1.00094256 6322.5 0.95813688 6316.9 1.02762578 6265.3 1.04164631
6325.4 1.00025497 6325.4 0.95808908 6319.7 1.02566425 6267.9 1.0460261
6328.3 0.99787628 6328.3 0.95819994 6322.5 1.02394331 6270.5 1.04678982
6331.1 1.0007338 6331.1 0.95767233 6325.4 1.02300263 6273.2 1.04193371
6334.0 0.99977652 6334.0 0.95782209 6328.3 1.0207583 6275.8 1.03549853
6337.0 1.00071726 6337.0 0.95720671 6331.2 1.02007436 6278.4 1.03086415
6339.9 0.99996436 6339.9 0.95627978 6334.0 1.0187348 6281.1 1.02914172
6342.8 1.00167226 6342.8 0.95546685 6337.0 1.01727202 6283.8 1.03154543
6345.7 1.00071838 6345.7 0.95441648 6339.9 1.01615623 6286.5 1.03516654
6348.7 1.00195302 6348.7 0.95348051 6342.8 1.01433583 6289.2 1.03785892
6351.7 1.00088459 6351.7 0.95273697 6345.7 1.01297582 6291.9 1.0359161
6354.7 1.00005454 6354.7 0.95281717 6348.7 1.01149239 6294.6 1.02836042
6357.6 1.00008033 6357.6 0.95274106 6351.7 1.01058394 6297.4 1.01735987
6360.7 0.99916903 6360.7 0.95186329 6354.7 1.01031046 6300.1 1.00626703
6363.7 1.00119373 6363.7 0.95147605 6357.6 1.00823451 6302.9 1.00197982
6366.7 1.0012882 6366.7 0.95122294 6360.7 1.0079103 6305.6 0.99814028
6369.7 1.00171026 6369.7 0.95116803 6363.7 1.00727878 6308.4 1.00175656
6372.8 1.00170058 6372.8 0.9513133 6366.7 1.00614894 6311.2 1.00473068
6375.9 0.997968 6375.9 0.95200434 6369.7 1.00601353 6314.0 1.01197974
6378.9 0.9987992 6378.9 0.95276485 6372.8 1.00537361 6316.9 1.02494855
6382.0 0.99921461 6382.0 0.95353908 6375.9 1.00505017 6319.7 1.04414373
6385.1 1.00091219 6385.1 0.95514523 6378.9 1.00455774 6322.5 1.06033192
6388.3 0.99816373 6388.3 0.95586502 6382.0 1.00440245 6325.4 1.06947927
6391.4 0.99781919 6391.4 0.95769167 6385.1 1.00366956 6328.3 1.0763245
6394.5 0.99864231 6394.5 0.95992489 6388.3 1.00340542 6331.2 1.08204522
6397.7 0.99879207 6397.7 0.96235017 6391.4 1.00279828 6334.0 1.08650145
6400.8 0.99808013 6400.8 0.96517977 6394.5 1.002758 6337.0 1.08554753
6404.0 0.99978265 6404.0 0.96796591 6397.7 1.0017975 6339.9 1.08362277
6407.2 0.99859065 6407.2 0.97079266 6400.8 1.00182973 6342.8 1.07398168
6410.4 1.00014802 6410.4 0.97383729 6404.0 1.00144724 6345.7 1.06382945
6413.6 0.99860391 6413.6 0.97666612 6407.2 1.0012128 6348.7 1.05545235
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6416.8 1.00031641 6416.8 0.97893211 6410.4 1.0009907 6351.7 1.04816166
6420.1 0.99912454 6420.1 0.98149657 6413.6 1.00097331 6354.7 1.04048927
6423.3 0.999389 6423.3 0.98413882 6416.8 1.00034324 6357.6 1.02933408
6426.6 0.99850727 6426.6 0.98596585 6420.1 1.0010211 6360.7 1.01459353
6429.9 1.00066097 6429.9 0.98837705 6423.3 1.00060416 6363.7 0.99932108
6433.1 1.00059159 6433.1 0.99037818 6426.6 1.00039082 6366.7 0.98708075
6436.4 1.00242711 6436.4 0.99220384 6429.9 0.99985832 6369.7 0.98082852
6439.7 1.00139832 6439.7 0.99326294 6433.1 1.00039721 6372.8 0.97963014
6443.1 1.00059618 6443.1 0.99481473 6436.4 0.99979306 6375.9 0.98050189
6446.4 1.00008501 6446.4 0.9962426 6439.7 0.99930749 6378.9 0.98567062
6449.8 1.00048395 6449.8 0.99774801 6443.1 0.99888292 6382.0 0.98758821
6453.1 1.00125078 6453.1 0.99871793 6446.4 0.99858591 6385.1 0.98770118
6456.5 1.00015441 6449.8 0.9993038 6388.3 0.98631252
6459.9 1.00226407 6453.1 0.9993681 6391.4 0.98581124
6463.3 1.0034813 6456.5 0.99867485 6394.5 0.98522486
6466.7 1.00555282 6459.9 0.99864808 6397.7 0.98807005
6470.1 1.00733618 6463.3 0.99824965 6400.8 0.99082234
6473.5 1.00866461 6466.7 0.9983021 6404.0 0.99494105
6477.0 1.01065495 6470.1 0.99872964 6407.2 0.99683586
6480.4 1.01295651 6473.5 0.99877828 6410.4 0.99747817
6483.9 1.01569278 6477.0 0.99825428 6413.6 0.99482526
6487.4 1.01790439 6480.4 0.99883662 6416.8 0.99154737
6490.9 1.0209466 6483.9 0.99906174 6420.1 0.99071509
6494.4 1.02360539 6487.4 0.99877733 6423.3 0.99174706
6497.9 1.02633162 6490.9 0.99910686 6426.6 0.99556837
6501.4 1.02939135 6494.4 0.99943638 6429.9 1.00143355
6505.0 1.03181545 6497.9 0.9993619 6433.1 1.00967311
6508.5 1.03508355 6501.4 0.99949306 6436.4 1.01676906
6512.1 1.03814526 6505.0 1.00003635 6439.7 1.01961733
6515.7 1.04127547 6508.5 1.00002603 6443.1 1.0211433
6519.2 1.04446112 6512.1 1.00017626 6446.4 1.01750326
6522.8 1.04792729 6515.7 1.00056913 6449.8 1.01250685
6526.5 1.05102293 6519.2 1.00116404 6453.1 1.00631984
6530.1 1.05438705 6522.9 1.00132973 6456.5 1.00124124
6533.7 1.05830781 6526.5 1.00182734 6459.9 0.99770614
6530.1 1.00211697 6463.3 0.99703595
6533.7 1.00296728 6466.7 0.99416641
6470.1 0.99642795
6473.5 0.99626737
6477.0 0.99698436
6480.4 0.99379048
6483.9 0.99335776
6487.4 0.99048005
6490.9 0.99469109
6494.4 0.99906548
6497.9 1.00362566
6501.4 1.00748843
6505.0 1.00802576
6508.5 1.00718994
6512.1 1.0073212
6515.7 1.00477128
6519.2 1.00369805
6522.8 1.00281763
6526.5 1.00320213
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Abstract  
Background 
Tobacco smoke is a major risk to the health of its users and arsenic is among the 
components of smoke present at concentrations of toxicological concern. Variations 
in human toxicity between inorganic and organic arsenic species make it important for 
risk modelling purposes to determine whether there are predictable relationships 
among the major species of tobacco and smoke. Hitherto arsenic speciation in tobacco 
has been determined only on a single sample. 
Methods 
14 samples of tobacco were studied spanning a wide range of concentrations in 
samples from different geographical regions, including certified reference materials 
and cigarette products. Inorganic and major organic arsenic species were extracted 
from powdered tobacco samples by nitric acid using microwave digestion. 
Concentrations of arsenic in these extracts were determined using HPLC-ICPMS 
Results 
The concentrations of total inorganic arsenic species range from 144 to 3914 µg kg-1, 
while organic species dimethylarsinic acid (DMA) ranges from 21 to 176 µg As kg-1, 
and monomethylarsonic acid (MA) ranges from 30 to 116 µg kg-1. The proportion 
extractable as elutable As species ranges from 11.1 to 36.8% suggesting that some As 
species remain unextracted. All the analysed species correlate positively with total 
arsenic concentration over the whole compositional range and regression analysis 
indicates a consistent ratio of about 4:1 in favour of inorganic arsenic compared with 
total analysed organic species. 
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Conclusions 
The dominance of inorganic arsenic, generally considered more toxic than organic 
species, is a marked feature of the diverse range of tobaccos analysed. Such 
consistency is important in the context of a WHO expert panel recommendation to 
regulate tobacco crops and products using total arsenic concentration. More research 
is required to develop models that accurately predict the smoker’s exposure to 
reduced inorganic arsenic species on the basis of leaf or product concentration and 
product design features. 
Keywords 
arsenic, speciation, tobacco, smoking, health, regulation 
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Background  
Among several thousand chemical compounds documented in tobacco smoke 98 have 
published inhalation risk factors, 11 of which are metals or metalloids [1]. The World 
Health Organisation (WHO) expert panel on tobacco regulation (TobReg) recently 
reviewed the published literature on metals and metalloids in tobacco and smoke, 
concluding that arsenic (As), cadmium (Cd), nickel (Ni) and lead (Pb) are of 
sufficient concern that they should be subject to regulation [2]. The panel 
recommended that “manufacturers … test cured tobacco purchased from each new 
agricultural source for levels of arsenic, cadmium, lead and nickel” and that these 
metals should also be analysed in tobacco blends offered for sale. Underlying these 
recommendations are the assumptions that the concentration of a metal or metalloid in 
smoke is predictably related to its concentration in the precursor tobacco and that a 
metal or metalloid’s presence in smoke will be in a form (species) that can lead to 
adverse health effects.  
The comparative risks to smokers of exposure to individual hazardous smoke 
constituents, including metals and metalloids, can be modelled using the component’s 
concentration in typical smoke emissions, inhalation risks, consumption rates, and 
assumptions such as daily inhalation volume. [3, 4]. Assuming that the total risk is the 
sum of the risks of the individual components, the modelling approach has been 
applied to the comparison of different cigarette products [5]. Developing this further 
into a practical risk assessment tool is dependent on reliable analysis of metals and 
metalloids in smoke. Smoke analysis is analytically difficult and not widely practised 
compared with the analysis of tobacco. Widespread regulation based on the analysis 
of smoke emissions is a distant prospect but a methodology for comparing the risks of 
21
 - 5 - 
exposure to metals and metalloids in smoke using analyses of concentrations in 
precursor tobacco might provide a more practical way forward. This, however, is 
dependent on demonstrating that it is possible to make reliable predictions of 
exposure from analyses of tobacco and other parameters.  
Another dimension of the hazard is speciation, the chemical form and oxidation state 
of a metal or metalloid in tobacco and smoke. Speciation strongly influences 
bioavailability, reactivity with cellular materials and detoxification mechanisms, and 
thus toxicity. The research literature comprises numerous reports of heavy metal 
levels in tobacco [6] and a few studies of heavy metals in cigarette smoke [3, 7, 8] but 
almost no attention has been paid to speciation. Such shortcomings are potentially 
exploitable by those opposing regulation. The lack of information on metal and 
metalloid speciation is largely due to the difficulties of detecting different species at 
the very low concentrations found in tobacco and smoke [9]. It has recently been 
shown that reactions within the growing plant and subsequent curing may modify 
metalloid species while the extreme redox conditions of combustion can lead to major 
changes in speciation [10]. Such factors may markedly alter the risk of toxicity 
associated with a given heavy metal, depending on the way that tobacco is consumed. 
With regulation in prospect there is an urgent need for models that describe and 
account for variations in the concentration and chemical speciation of metals and 
metalloids from the tobacco crop to the manufactured product through to the exposure 
that accompanies smoking and other forms of tobacco usage. 
This paper focuses on arsenic, one of the four metals and metalloids currently 
proposed for regulation [2] and addresses the variability in chemical speciation of 
arsenic in 14 tobacco products sampled from a wide range of geographical localities 
and As levels. Studies of the risks associated with dietary exposure to arsenic tend to 
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emphasise two aspects of its speciation, namely the chemical species (primarily 
whether present as organic and/or inorganic compounds) and oxidation state (whether 
mainly As(III) or (As(V)). There is now a large body of evidence that implicates 
inorganic As(III) species in human toxicity associated with exposure to arsenic in the 
gastrointestinal tract, however the variable risks of exposure to arsenic species during 
inhalation are less well characterised [11, 12]. Nevertheless long-term, low-dose 
exposure to inorganic arsenic by whichever pathway is implicated in increased 
mutagenesis [11] and habitual smoking may involve decades of low-dose exposure. 
Estimates of the fraction of total arsenic released into smoke during tobacco 
combustion falls in the range 9-16% [13] suggesting that 100s ng As could be 
transferred per cigarette although measured quantities in machine smoking using low 
arsenic products indicate that transference ranges from  <1 ng to about 70 ng per 
cigarette [3, 7, 8, 14]. It should be noted that tobacco is not the only determinant of 
arsenic in smoke, cigarette design (tobacco mass, cigarette length, packing, filter 
ventilation, etc.) also has a major influence on transference [14]. Supporting the calls 
for arsenic regulation are the recent findings that arsenic in smoke condensate is 
present primarily in the As(III) oxidation state [10] largely as inorganic species [15], 
i.e. potentially the most toxic form. Notwithstanding these findings, the inter-
relationships between arsenic concentrations and the species makeup in both tobacco 
and smoke are not yet established. This study is a contribution to understanding the 
specialties makeup of arsenic in tobacco. 
A method for characterising arsenic species in tobacco using HPLC-ICPMS was 
recently published [9, 15]. These authors focused on method development and found 
that 89% of the total water-soluble arsenic in US Reference Cigarette 3R4F is 
inorganic, dominantly in the As(V) oxidation state, with indications of minor 
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quantities of organic species including dimethylarsinic acid (DMA) and 
monomethylarsonic acid (MA). It is not known whether these results for 3R4F 
tobacco can be extrapolated to global cigarette tobaccos and we address this question 
using tobaccos chosen to represent the typical range of arsenic concentrations 
sampled from a range of global localities and analysed using a similar HPLC-ICPMS 
methodology. Another aim is to test whether any predicable relationships exist among 
the arsenic species that could contribute to quantitative risk assessment of different 
tobacco products.  
Methods 
Samples 
14 tobacco samples were selected for study including certified reference materials 
(CRMs), authentic commercial US, UK and Chinese cigarette brands, and counterfeit 
cigarettes seized by UK Customs chosen for their elevated levels of As ([16]. These 
samples and their geographical locations (where known) and concentration ranges are 
shown in Table 1.  
Quality control and assurance  
CTA-OTL-1 and CTA-VTL-2 are certified reference materials for trace elements in 
Oriental and Virginia tobacco leaves respectively. Their As values are given in Table 
1 [17-19]. GBW08514 and GBW08515 are Chinese tobacco reference standards for 
elements but no data for As are yet available. 1R4F and 1R5F are reference standards 
typical of US low tar (1R4F) and US ultra-low tar (1R5F) cigarettes [20], produced 
for smoking experiments and do not have certified total As values. No certified 
reference materials for As speciation in plant materials had been formally validated at 
the time the analyses were conducted. 
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Blanks and a single sample were analysed in triplicate, and the CRMs were analysed 
in duplicate for elemental concentrations and species extraction. A standard mix of 
As(III), As(V) dimethylarsinic acid (DMA) and monomethylarsonic acid (MA) in 
concentrations of 5 µg l-1 was prepared for calibration of the elution sequence. 
Elemental and extract arsenic concentrations 
Sample preparation followed a modification of an established procedure [21]. Sample 
(0.250 g) was weighed into Teflon vessels (DAP-80s, Berghof GmbH, DE), with 10.0 
ml nitric acid (70% v/v) and the reaction accelerated in a pressure- and heat-
controlled microwave digestion system (Speedwave MWS-3+, Berghof, DE) 
programmed to ramp temperature from 120 to 170 ˚C over a 55-min cycle, pressure 
limited to 30 bar. Samples were then diluted to 0.250 l (a total dilution factor of 1000) 
with double de-ionised water (Q-gard 1 Gradient A10, Millipore, FR). An aliquot of 
5.0 ml of the sample was pipetted into disposable ICP-MS vials together with 5.0 ml 
of a standard solution containing 25 µg l-1 germanium (Ge), 5 µg l-1 indium (In) and 
50 µg l-1 rhenium (Re) ICP-MS single element standards, Inorganic Ventures Inc., 
US). Analysis was performed using an ICP-MS (X-Series 2, Thermo Scientific Corp., 
UK) quadrupole mass spectrometer with collision cell technology using kinetic 
energy discrimination (CCTED) to determine As (75 m/z), Ge (72 m/z), In (115 m/z) 
and Re (185 m/z). 
Extract sample preparation involved centrifuging samples and a 5.0 ml aliquot was 
pipetted together with 5.0 ml of a standard solution containing 25 µg l-1 Ge, 5 µg l-1 
In and 50 µg l-1 Re into disposable ICP-MS vials for the analysis.  
Arsenic species concentrations 
Species extraction sample preparation involved weighing 0.200 g of sample for 
digestion over 24 hours in 10.0 ml nitric acid (1% v/v) in 50.0-ml centrifuge tubes (a 
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dilution factor of 50). A microwave reaction accelerator system (MARS CEM, 
Matthews Inc., US) was utilised, programmed to ramp temperature from 55 to 95 ˚C 
over a 65-min cycle [22].  Samples were then frozen to limit the transformation 
between species, and defrosted 24 h before analysis to allow the sample to reach room 
temperature. Samples were centrifuged at 15 kG for 10 min, and 0.50 ml of 
supernatant was pipetted into HPLC-ICP-MS vials with 0.050 ml hydrogen peroxide 
(H2O2) for the analysis. Analysis was performed using HPLC (Agilent 1100 series, 
Agilent Technologies Inc., DE) fitted with an anion-exchange column (250 by 4.6 
mm PRP-X100 10 µm, Hamilton Company, CH & US) [22]) with a pH 6.2 balanced 
ammonium nitrate (NH4NO3)/ammonium di-hydrogen-phosphate (NH4H2PO4) 
buffer solution, that was connected post-column to an ICP-MS (Agilent 7500) [23] 
via a Teflon t-piece, directly to the nebulizer to determine As, Rh (103 m/z) and Se 
(77 and 82 m/z). 
Terminology and definitions for chemical species follow established practice [24, 25]. 
Data analysis 
Statistical tests were performed in Minitab 14 (Minitab Inc., US).  All data were 
tested for normality using the Anderson-Darling method. Data that did not conform 
were transformed with power 10, natural and natural gamma logarithms, square root, 
sine (angle in radians) or, if necessary, Box-Cox. Relationsips between the arsenic 
species were established using correlation and regression analysis. 
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Results  
Total arsenic concentrations  
Analytical recoveries for total As in the CRMs CTA-OTL-1 (certified values = 539 ± 
60 µg As kg-1) and CTA-VTL-2 (certified value = 969 ± 62 µg As kg-1) were 113 ± 
7% and 104 ± 4%, respectively (n = 2) (Table 2). The limit of detection for total As 
by ICP-MS was 21 µg kg-1 determined by mean plus three standard deviations of the 
blanks (n = 3). There are no certified values for As in reference tobaccos GBW 08514 
and GBW 05815, and reference cigarettes 1R4F and 1R5F. Accuracy of the total 
arsenic determinations is indicated by good agreement with certified values of the 
reference standards CTA-OTL-1 and CTA-VTL-2 supported by good precision 
indicated by low standard deviations for these standards (Table 2). 
Total arsenic in these 14 samples ranges from 144 to 3914 µg As kg-1 (median = 538; 
n = 14), with total As concentrations in extracts ranging from 82 to 1791 µg As kg-1 
(median = 257; n = 14) (Table 2). 
As concentrations in the reference standards and legal samples of this study range 
from 144 - 1008 µg kg-1 (median = 443; n = 11) and are similar to those in the 
literature [16, 26], indicating that the tobacco plants were probably cultivated in 
conditions largely uncontaminated with As (Table 2). In contrast the plants used to 
make the three illicit (counterfeit) products have much higher As concentrations 
(2339 – 3914 µg As kg-1; median = 3504, n = 3) and were probably cultivated on soils 
quite heavily contaminated with arsenic due to natural enrichments in the soil, 
addition of contaminated fertilisers such as sewage sludge, and/or treatment with 
arsenical pesticides. 
Arsenic speciation 
DMA concentrations ranged from 21 to 176 µg kg-1 (median = 37 µg kg-1; n=13), 
MA from <LoD to 116 µg kg-1 (median = 42 µg kg-1; n=5), and inorganic As from 
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16 to 948 µg kg-1, (median = 104 µg kg-1; n=14) (Table 2, Fig. 1). Across all 
samples, the proportion of extractable as elutable As species ranged from 11.1 to 
36.8% (Table 2), indicative of values expected from highly fermented complex 
organic matrices such as tobacco leaf. Column recoveries ranged from 19.5 to 74.7%, 
again reflecting that yet unknown, and potentially macromolecule incorporated, As 
species remain unextracted.  
Estimating species concentrations using chemical extraction methods suffers from 
potential inaccuracy due to incomplete extraction recoveries, and this study was 
hampered by the lack of an accepted speciation reference standard for As in plant 
material. Notwithstanding, the specific analytical procedure used in this study has 
been validated and compares favourably with other extraction techniques [27]. 
Another technical difficulty involving the calculation of species concentrations from 
the spectra, due to the coelution of the As(III) and DMA elution peaks, was overcome 
by oxidizing As(III) to As(V) by the addition of H2O2 [22, 28]. The addition of 
sufficient to excess H2O2 converts all inorganic As(III) in a sample to As(V) with no 
degradation of organic arsenicals MA and DMA [29]. As(III) elutes at the ejection 
front, and As(V) much later in a distinct peak; oxidisation also enables inorganic As 
(As(III) and As(V)) to be differentiated from cationic species which, if present, would 
also elute with the solvent front [30]. Broadly similar results for inorganic As were 
obtained for 1R4F (this study, Table 2 & Fig.1) and 3R4F made with a similar blend 
of tobacco types and analysed in an independent study [9]. 
These data demonstrate that organic As species are present in minor concentrations 
compared with inorganic As species in all 14 tobacco samples, as shown graphically 
in Fig.1, extending the earlier finding on 3R4F [9] to a much wider range of reference 
tobaccos and publicly-consumed products. Also notable is that the same pattern is 
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found in samples of counterfeit products previously shown to have high arsenic 
concentrations [16] (B6-B8 in Fig.1). Total arsenic in these samples varies by a factor 
of over 20 yet the ratios of inorganic:DMA:MA concentrations remain relatively 
consistent. 
While As was found to be present principally in inorganic form with minor DMA and 
MA contributions, As-thiol complexes may represent a significant proportion of the 
species not extracted or detected in this analysis [31]. 
Discussion  
Relationships between arsenic species 
The 14 samples analysed in this study span a greater range of arsenic concentrations 
than is normally encountered in cigarette tobacco [2] and cover a wide geographic 
range (US, EU, China) yet there is remarkable consistency in the fractions attributable 
to inorganic and organic (MA+DMA) arsenic species. Fig.2 shows how these vary 
with total sample As, with the slopes of the regression lines indicating that inorganic 
As is consistently present at about four times the sum of the measured organic species 
(MA+DMA), a ratio maintained in samples with greatly elevated levels (as in B6-B8 
counterfeit products). (Counterfeit samples are used in this study because analytical 
instrumentation sometimes fails to detect As species at more “normal” concentrations 
[9]).  
MA concentrations are generally lower (but not significantly) than those of DMA, or 
are below detectable limits. Overall the slopes of the regression lines indicate that 
approximately 80% of the arsenic species detected in these tobaccos is present as 
inorganic species with the remaining 20% as organic species (DMA and MA). 
MA and DMA in plants is thought to be derived from soil rather than from in planta 
metabolism [32], as plants appear not to methylate inorganic As, unlike animals, 
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bacteria and fungi [33], though methylated As species are readily translocated to the 
shoot once assimilated through the root system [26]. Low methylated As content in 
tobacco samples indicates low As methylation rates in the original growing 
environment. Relative concentrations of methylated species and total inorganic As 
species within the reference standards are generally stable, potentially due to growing 
environment conditions that favour inorganic As bioavailability to the plants 
(treatment with sewage-based nitrate or phosphate fertilisers), or application of 
arsenicals directly to the plant (perhaps atmospheric deposition of inorganic dust on 
leaves). As the presence of biological agents can affect the methylation of soil As, and 
thus passage into the food chain, as well as amount and source of the contaminant, 
soil properties, and the magnitude and rate of plant uptake and/or extent of absorption 
by animals [34] it is important to understand these factors in terms of As migration 
through both food chains and smoking in contributing to human exposure [35]. Soil 
has the capacity to buffer the effects of contaminants by binding these agents to soil 
constituents, or chemically converting them to inactive, insoluble or biologically 
unavailable forms. These factors alone make for complex dose response relationships 
in crops [35] and may provide a strategy for reducing the total As, and more 
specifically the inorganic As available to the plant, and therefore to the receptor. 
Implications for health 
Human toxicity symptoms associated with exposure to arsenic include cancers of the 
lung and skin, and cardiovascular, gastrointestinal, hepatic and renal diseases [2, 11]. 
Our findings on the prevalence of inorganic As species over organic forms, the former 
being the more toxic and persistent in the human body, could be directly relevant to 
gastrointestinal exposure due to the use of oral tobacco. For smoking, taking the 
arsenic concentrations presented above we calculate that up to a few hundred ng per 
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cigarette (based on 0.7g cut tobacco in a single cigarette) could be transferred to the 
respiratory system under standard ISO smoking conditions using published 
transference factors [13]. The highest values are associated with the seized counterfeit 
products, which are distributed illicitly, legal products in the developed world would 
lead to less exposure. Smoking is a complex process and metal and metalloid 
components are not necessarily transferred unchanged on liberation from tobacco 
during the creation of smoke, New compounds may be more or less toxic than their 
precursor compounds, depending on redox conditions and other factors during 
combustion and smoke ageing. Such changes have recently been explored for arsenic. 
High resolution XANES spectra demonstrate the dominance of As(III) in smoke 
condensate [10]  and HPLC-ICPMS analyses of smoke condensate indicate that 
inorganic species predominate [15]. These findings indicate that most of the arsenic to 
which the smoker is exposed is present as species likely to be highly toxic.  
Tobacco is grown in over 120 countries [36]. It has long been known that arsenic 
concentrations in tobacco used to manufacture cigarettes varies with geographical 
region [13]. China and the United States are the largest producers of tobacco leaf in 
the developing and developed world respectively [36] and both are major consumers. 
A recent study estimated a mean value for arsenic of 0.29 mg kg-1 (standard deviation 
0.04) in tobacco extracted from 50 samples of popular US cigarette brands [37], 
whereas the mean for 47 samples of popular cigarette brands in China is 0.85 mg kg-1 
(standard deviation 0.73) [38]. These arsenic levels are significantly different 
(ρ<0.001) suggesting that smokers in these countries may be exposed to very 
different levels of arsenic. If, as this study indicates, most of this arsenic will be 
present as an inorganic species and converted to reduced species on combustion, any 
risk of smoking-related disease due to arsenic exposure would appear to be 
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considerably greater in China, a nation that is home to one quarter of the world’s 
smokers [39] who consumed 38% of the world’s cigarettes in 2009 [36].  
Implications for regulation 
If arsenic is to be regulated by means of its concentration in crops and commercial 
products, as has been recommended [2], then it will be necessary to demonstrate that 
(1) human exposure to arsenic in tobacco smoke can be predicted from its 
concentration in raw and processed tobacco, and (2) that a significant fraction of the 
arsenic to which the smoker is exposed is toxic or carcinogenic, i.e. in the form of 
reduced inorganic arsenic species. These issues are addressed below. 
The dependence of arsenic concentration in smoke on its concentration in processed 
tobacco can be estimated. The tobacco in 50 popular US brands was analysed for 
metals and metalloids [37], and the same brands were smoked using the ISO and 
Health Canada intense smoking protocols with arsenic being analysed in the total 
particulate matter of mainstream smoke [14]. Analysis of the published data shows a 
significant positive correlation (r=0.40, ρ<0.01) between arsenic concentration in 
cigarette tobacco and its concentration in the total particulate matter of mainstream 
smoke generated under ISO conditions. The correlation was stronger (r=0.59, 
ρ<0.0001) for the same brands using the Health Canada intense smoking protocol, 
regarded by many as closer to real world smoking exposure [40]. A predictive model 
for the concentration of arsenic under a given smoking regimen needs take into 
account important factors including tobacco mass, length of cigarette rod and filter 
ventilation [14]. The range of arsenic in the US brands is narrow, approximately 0.2-
0.4 µg g-1 [37] and any useful predictive model would need to span a much wider 
range reflecting global tobacco compositions. Notwithstanding, the US datasets 
demonstrate that such modelling is possible. 
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In terms of toxicity it is important to determine the arsenic species in smoke, in 
particular whether inorganic or organic, the former being of primary concern [11]. 
This study has shown that about 80% of detected arsenic species over a wide range of 
tobacco materials is inorganic, similar to a recent finding that 89% of water soluble 
arsenic in 3R4F tobacco is inorganic [9]. Arsenic in mainstream smoke particulate 
matter from 3R4F has also been found to be dominantly inorganic [15]. It has not yet 
been established whether there is a predictable relationship between the ratio of 
organic/inorganic arsenic in tobacco and the fraction of inorganic arsenic in tobacco 
smoke.  
It is suggested here that the oxidation state of arsenic in tobacco leaf is irrelevant to 
the issue of regulation of products designed to be smoked. It has recently been shown 
that on combustion a cigarette liberates arsenic only in its As(III) oxidation state 
regardless of initial redox state in the precursor tobacco [10]. This is probably due to 
reduction processes in the burning zone and it is possible that As(III) is preferentially 
liberated. Furthermore, no evidence was found for oxidation to As(V) within 30 
minutes of the conclusion of the smoking experiment. Note that an alternative view of 
the redox behaviour of arsenic has been presented [15] although the more recent study 
[10] had the advantage of the much greater sensitivity inherent in a third generation 
synchrotron. 
These findings support the concept of regulation by analysing the composition of 
tobacco crops and products but are predicated on the derivation of robust predictive 
models for arsenic speciation and transference rates from leaf to smoke, as discussed 
above.  
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Conclusions  
The principal organic arsenic species detected in the 14 tobaccos analysed were DMA 
(detected in 13 samples) and MA (detected in 5 samples). Both organic and inorganic 
species increase with total arsenic concentration and regression analysis indicates that 
inorganic forms of arsenic dominate over all analysed organic species (DMA+MA) by 
a factor of 4:1 in tobaccos sampled over a wide range of compositions and 
geographical regions.  
Given that inorganic arsenic is considered to be more toxic to humans than organic 
forms this has consequences for the health of users of oral tobacco and, depending on 
changes that may occur during combustion, also for the health of smokers.  
A consequence of large regional differences in arsenic concentrations in tobacco may 
be regional differences in degree of exposure and risk to health, China being notable 
for the high levels of arsenic in many of its cigarette brands. 
The evidence presented in this paper provides tentative for the recent proposal to 
regulate arsenic in tobacco crops and products [2] with the expectation that accurate 
predictive models can be derived for exposure to inorganic arsenic species during 
smoking.  
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Figures 
Figure 1  - Species concentrations 
Concentrations of DMA, MA and inorganic arsenic in six reference tobaccos and 
eight tobacco products (legal and illicit). Error bars set at one standard deviation. 
Figure 2  - Regression analysis 
Regressions analysis of extractable inorganic arsenic and DMA+MA against total 
arsenic in six certified reference materials, five legal cigarette brands from the US, 
UK and China, and three counterfeit samples. Regression lines are significant at 
ρ=0.05, and slopes (m) are indicated (both pass through the origin within error).  
Tables 
Table 1  - Tobacco samples 
Reference materials and samples selected for As species determination with 
corresponding sample codes and comments on origins. Certified values are available 
for the CTA standards [18, 19], information values provided for other samples were 
determined for this study by X-ray fluorescence spectrometry [17].  
38
 - 22 - 
Table 2  - Arsenic concentrations 
Concentrations of total As, DMA, MA, inorganic As, sum of extracted As species and 
extract total As in six reference tobacco and eight cigarette tobacco samples, with 
extraction efficiencies (∑ As sp./ Totals) and column recovery (∑ As sp./ Extracts). 
Limit of detection (LoD) for MA is 39 µg kg-1.  
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Appendix B4. Summary report for sponsors with a focus on policy implications
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